Copyright by Munn & Co., 1891. 


Scientific American Supplement. Vol. XXXII. No. 809. 


NEW YORK, JULY 4, 1891. 


{ Scientific American Supplement, $5 a year. 
) Scientific American and Supplement, $7 a year. 


Scientific American, established 1845. 


SHELL FLOWERS. 


ON a recent excursion to the seacoast of Brittany, we 
had an opportunity of observing a very pretty method 
of utilizing those thousands of brightly colored shells 
that the sea sha and polishes in its incessant work- 
ing of thesand. Itis both curious and interesting te see 
with what art, with what truthfulness, the majority of 
the flowers of our gardens are thus imitated. The repro- 
duction, in Fig. 1, of one of these little master- 
agg of patience and observation shows plain- 

y with what perfection nature is represented. 
Practiced in the first place in families, espe- 
: eially by little girls, this pleasing art, owing to 
the demands of bathers, has given rise to a sort 
of minor industry along our coasts. We have 
been pleased to study closely the manufacture 
of those flowerets, the brilliancy of which defies 
time, and it is the result of these observations 
of ours that we here record, happy if these few 
notes shall prove of utility to our lady readers. - 

The shells are employed only for forming the 
flower properly so called ; all the green parts 
of the plant, such as stems, leaves, sepals, etc., 
are made of paper, according to the ordinary 
processes of florists, and are found ready made 
in the artificial flower trade. The tools are 
four in number (Fig. 2). They consist of a cut- 
ting nippers, 1, for eutting the wires of the 
stems, flat and half round smooth files, 2 and 3, 
for trimming and shaping the edge of the shells, 

a fine pincers, 4, for grasping the small shells, 
a cup of mucilage of gum arabic, to which is 
added enough powdered starch to give it the 
consistency of honey, a few boxes of prepared 
semoule, 5, that is to say, colored yellow or red 
for forming anthers, and, finally, an asortment 
of embossed leaves, tissue paper, iron wire, etc. 

In most cases, the shells that are gathered on 
our beaches suffice for the manufacture of the 
flowers, particularly those whose corollas are 
white or yellow. For colored petals, it is neces- 
sary to have recourse to exotie shells, which are 
richer in varied shades than ours, and which, 
moreover, can be readily found at the stores of 
all the shell dealers of our large ports. | - 

The varieties employed are relatively few in 
number, and we shall deseribe the principal of these 
iu the course of this article. As a general thing, the 
shells are found in a rolled state, that is to say, already 
worn by friction on the sand and destitute of inhabi- 
tants. In this state, they have lost their sheen and 
have acquired a sort of velveting very favorable for a 
good imitation of flowers. 

It is expedient to remark that each species of shell 
seems to have a preferred habitat. In the sandy 
strands of Saint Cast, we find’ the tooth shells ; the 
barnacles in rocky bottoms; the periwinkles in places 
where certain alge with long, thin filaments grow ; the 
mussels on exposed rocks, ete. 

One of the beings of the sea that furnishes the prin- 
cipal material of the floral industry is the barnacle 
(Anativa levis, Lam.) This singular host of the ocean, 


Fie. 2.—TOOLS FOR MAKING SHELL FLOWERS. 


1. Cutting nippers. 2 and 3. Files. 4 Pincers. 5. Prepared semoule. 6. Starch paste.—Shells : 
a, carapax of barnacle ; 5, valves of barnacle filed into the form of petals; c, operculum of peri- 
winkle; d, tooth shells; ¢, Tellissa baltica ; f, Strigilla; g, Patilla; A, Nassa incrustata ; ¢. Ris- 
soia lactea ; m, Calyptrw@a. Flowers: A, aster made of barnacle shell 
shells and opercula of the periwinkle ; C, honeysuckle; D, heaths, 


which has the false aspect of a plant, has already been 
thoroughly described in this journal. The carapax 
comprises five pieces, of a beautiful milky white, two 
triangular siiells which embrace the foot and protect 
the greater part of the animal, and two other and 


| smaller shells hinged to the preceding, and having a 


very elongated triangular form. The double valves 
are united along one of the sides by along narrow 
curved piece, the general form of which is that of a 


Fie. 1.—A BASKET OF SHELL FLOWERS. 


sickle. The shells are very light, and, in order to 
separate them without injury to their inhabitant, they 
must be placed in an earthen pan and allowed to en- 
ter into decomposition. In a few days, the operation 
having terminated, they are washed with an abund- 
ance of water, and the valves, which easily separate, 
are collected by means of pincers. They are then im- 
mersed in a solution of hypochlorite of lime in order to 
free the edges of the last traces of hinges. The valves 
are now adapted for making numerous flowerets. It 
will be always well, however, to round off the base of 
these triangular plates by means of a file, and to per- 
fect the edges and give to the whole the form of the 
petals of the flowers to be made. The hooks serve for 
waking chrysanthemums or the barbules of the honey- 
suckle (Fig. 2. c), The large valves are employed for 


3; B, bear’s ear of tooth 


camellias, eglantines, white pinks, white roses, and 
riwinkles, and the small ones for verbenas, the 
jasmin, the clematis and double daisies. 

Let us describe the manufacture of a camellia, which 
will serve as a type for the construction of all similar 
flowers, such as roses, etc. We take a wire of medium 
size and bend one extremity into the form of a loop, 
which, by means of gum, we fix to a cardboard disk 
of the size of a ten cent piece, and which we cover 
with a hemispherical layer of white wax, pre- 
viously softened by kneading it with the fin- 
gers. Alongside of us we have, prepared, a 
series of petals cut out of the valves of the 
barnacle, and which we have taken care to 
classify in rows of increasing sizes. The first 
row, which will form the heart, comprises three 
small shells, the second, five, the third, nine, 
and so on ; but, in order to give a proper con- 
formation to the flower, care must taken to 
alternate, by rows, the direction of the valves, 
by now taking those of the right and then 
those of the left. The point is dipped into the 
gum and the petals are inserted one by one in 
the wax support. The gum, on drying, fixes 
the petals very firmly. 

The whole skill of the florist consists in select- 
ing the proper shells, and in the insertion of the 

tals, avoiding too great a symmetry. The 

ower is formed with wonderful rapidity. The 
stem is covered with a thin layer of cotton to 
give it the desired thickness, and is then cov- 
ered spirally with a strip of green tissue paper. 
The cardbourd base is covered with green 
aper, cut so as to imitate sepals, then the 
eaves are affixed to the stems, and, if need be, 
there is added a little stem, to which is gum- 
med a white cone, carved from cuttlefish bone, 
and provided with paper sepals. This forms 
the extremity, and the flower and its bud are 
finished. 

The operation is the same for forming a 
chrysanthemum, but the petals here are imi- 
tated with the lances of the barnacle. 

If the flower possesses a disk, as in the dais 
or the aster, there is employed either a colore 
eardboard center such as way be found in the 
shops, or one that may be easily made by 
kneading a little bread into the desired form upon a 
brass wire hook. This is covered with gum and then 
dipped into the fine semoule and colored yellow with 
a little saffron or turmeric. The narrow valves of the 
barnacle shaped with a file are to be gummed beneath 
the disk, and will form the ray flowers (Fig. 2, A). 
The whole is consolidated with green paper, cut to 
resemble bracts. 

The manufacture ef China asters will put the pa- 
tience of the florist to a severe test. Flowers of this 
kind have been shown to us that were scarcely as large 
as a fifty cent piece, and which yet contained nearly a 
thousand of these little shell plates. 

In order to form centers with projecting stamens, 
it is necessary to use a pencil of silk threads stiffened 
by gum, and the point of which, passed over starch 
paste, is sprinkled with grains of semoule made yellow 
with saffron or red with carmine. 

Another kind of shell much employed is the tooth 
shell (Dentalium tarentinum, Lam., Fig. 2,d). This 
is asort of conical, slightly bent tube, of a pure white 
or ring-streaked with yellow, which is usaally found 
ong in a rolled state. 

he tubes serve for the manufacture of all those 
flowers whose corolla expands at the extremity of an 
elongated calyx, such as the fuchsia, the honeysuckle, 
the primrose, the jasmin, ete. 


Fie. 3—METHOD OF MANUFACTURING VARIOUS 


SHELL FLOWERS. 


1. Field daisy (filed barnacle shells) and bud (sea snail). 2 


r’s ear (tooth shell, lyptrea and operenlum of peri- 


—— 8. Honeysuckle (tooth shell and small valves and 


barnacle), 4. Heath (silk fringe and rissaias). 
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Under the name of bear's ear, we find upon the cliffs 
a amall primrose with a brown corolla and white calyx, 
which is quite easily imitated. A small white tooth- 
shell will furnish the slender calyx. To the top of this 
is gummed, flatwise, a white shell in the form of a 
widened funnel (Calyptrea, Pig. 2, m), and to,the edges 
of this are tixed in pairs those small brown opercula 
which close the orifice of the periwinkle. 

Small mussel shells with pretty violet tints, after 
having been carefully freed from all animal integu- 
ments by an immersion in hypochlorite of lime, will 
serve for making Canterbury bells, scabiouses, violets, 
and forget-ine-nots, even. The spines of the sea 
urchin, according to their color, are employed for blue- 
bottles, resedas, scabiouses, etc. 

Commerce furnishes silk ribbons woven in the form 
of flat fringelets of a bronze green color. These being 
wound spirally upon a wire, at once give the illusion 
of sprays of heather (Fig. 2, D). Thesesprays are pro- 
vided with flowers by gumming to the extremities of 
the fringelets small white or violet spiral shells that 
are found in abundance in the sand. 

Univalve shells, such as the limpets (Patella Tas/lei, 
Fig. 2, g), having a wide conical form, or bivalves, such 
as the tellens (7ellina Baltica, Pig. 2, e), and even 
debris of all sorts, of a rose color, pale yellow and vio- 
let, are utilized, after being filed, for imitating the 
sinallest parts of flowers, while the spiral univalve 
shells (Nassa inerustata, Pig. 2, h, Nevites, ete.) form 
the majority of buds. Inorder to imitate colored 
flowers the shelis may be stained with water colors 
dissolved in mucilage, but it will be better for this pur- 
pose to employ exotic shells, among others of which we 
may mention one that comes from the Antilles, and 
that is of a dark rose color of the most charming effect 
(Strigilla carnaria, Fig. 2, f). This is a bivalve hav- 
ing some resemblance in form to the cockles. The 
valves form the petals of roses, eglantines, ete. Fig. 
8 shows the method of manufacturing various flowers, 
such as daisies, heath, ete. In the course of our in- 
quiry we have had shown to us a process of decorating 
white shells that merits special mention. It concerns 
the imitation of the rosy rimlets that are observed at 
the base of the petals of certain geraniums. The 
skillful florist, for this purpose, used one of those 
pretty seaweeds (Plocamium vulgare) of a beautiful 
dark rose color that are found on the rocky shores of 
the Chaunel. Spread out upon the white valves of 
the barnacle and fixed with a little gum water, the 
delicate sprays of the alga perfectly imitate the net- 
work of the plant. The specimens that were shown 
to us had been prepared before the war of 1870, and 
were so bright in color that one wonld have said that 
they had just been finished.—Za Nature. 


HOW STATUES ARE MADE. 
In painting, mechanical dexterity is quite a minor 


matter, and the painter is comparatively free from any 
but artistic considerations. In sculpture, on the other | 
hand, though the same application of artistic principles | 
is exacted and necessary, a large proportion of purely | 
mechanical work falls to the share of the artist, neces- 
sitating unusual care and skill. 

A painting practically passes through only two, or at 
most three, stages in the course of its development into 
completed form; there are the sketches, the studies and | 
finally the finished painting. In seulpture the case is | 
somewhat different. There we have also preliminary | 
studies and sketches, but the clay model already shows | 
the work in its artistic completion. The plaster cast is 
simply a reproduction of the model in clay, and is in| 
turn reproduced in marbleor bronze. Thus when the 
statue is practically finished, it must still pass through | 
two more stages, in which usually nothing is added to 
the original work (except sometimes in the plaster 
east), but itis simply reproduced in other materials. 
But this process involves no end of labor and anxiety. 

The sculptor begins by giving form to hisideain a 
small model from four to six inches in height. This is a 
mere sketch, roughly blocked out, but it suffices to give 
an idea of the position of the proposed figure, or the 
composition of the group if there are several figures. 
The material used in this first study is sometimes wod- 
eling wax, but usually clay or plastiline. The latter, a 
kind of wax, somewhat resembles putty, but does not 
harden ; unlike clay, therefore, it does not need to be 
wetted. 

From this preliminary sketch the artist usually pre- 
pares a larger study, generally in clay, and say about 
one foot in height. his is already very much more 
elaborate than the first, and allows the intent and con- 
ception of the sculptor to be seen much more clearly. 
From these smaller models, which have been wrought | 
over into a suggestive semblance of the work to be, | 
there wust be evolved a large clay model of the size | 
in which it is intended to reproduce the figure or 
group. But such a mass of clay, if left unsupported, 
would collapse. Even with the precautions that are 
taken, dangerous break-downs bave occurred in large 
or equestrian groups. But these would occur only 
through the inexperience of the sculptor. The clay is 
moulded around a sort of iron skeleton, with lead pipes 
for the arms and legs,which are bent into the positions 
required. This wodel is placed on a revolving stand, 
so that the sculptor may have the light on any side 
he wishes. The modeling is done with tools of bone 
and wood of various sizes. Some are about the 
length and thickness of a carpenter's pencil, and flat- 
tened out at one end or at both ends ; others have a 
triangular wire loop projecting from one end. The 
finer touches are often put in with the fingers alone, 
and it is interesting to watch the artist at work. pick- 
ing off a small lump of clay at one place and dabbing 
it on in another, or producing delicate effects by deft 
digs or sweeps with his thumb. Water is occasionally 
squirted upon the model to keep it moist, and when 
the day’s work is done the figure, after another sprink- 
ling from the hose, is covered with damp cloths. 

In this clay model the figure is worked out com- 
as to the smallest detail, and when the sculptor 

as fashioned the pliable material into exactly the 
shape that he wants, the whole is cast into plaster of 
Paris. A plan followed by some sculptors is to have 
the plaster cast made before they have finished model- 
ing ; in that case the work is completed on the plas- 
ter cast, as good plaster can be prepared for this pur- 

Hiram Powers is said to have done all his 


modeling in plaster, and invented some very inge- 


nious tools for this work. Ward, I am told, when mak- 
ing the equestrian statue of General Thomas, first 
prepared a careful study of the horse, about one-third 
of the proposed size. From this, by exact measure- 
ments, he manufactured a sort of skeleton three times 
as large, with ribs, which he covered with burlaps. 
Then he piled on the plaster, being guided all the 
while by measurewents made from all points of the 
swall models, It was a very ingenious way of avoid- 
ing the difficulties presented by the tendency of the 
legs of large animal figures to crack and crumble when 
modeled in clay. 

The next and last step is to reproduce the plaster 
east in the material in which it is desired to perpetuate 
the artist’s work, Marble or bronze is generally used 
for this purpose, and whether the statuary is hewn 
out of stone or cast in metal the operation in both 
cases is a delicate one and requires a high degree of 
mechanical! and artistic skill. 

If the material chosen is marble, the process is as 
follows: The material is placed upon a large ‘scale 
stone,” and the marble block on a similar one. Marks 
are then made on all the projecting or salient parts of 
the plaster figure, and each “scale stone” is also cov- 
ered on its front with a number of points, which are 
the samme on each stone. By means of an ingenious 
contrivance the marble is drilled full of holes corre- 
sponding to the marks made on the model. The in- 
strument used for this purpose is what is known as 
a ‘‘ pointing machine,” which is provided with arms 
that end in metal ‘* needles,” and which is placed be- 
tween the two “ scale stones.” In using it, one of the 
arms, which move in ball-and-socket joints, is set to 
touch a point on the scale stone, while the upper one 
is pointed upon a mark on the figure. The arms are 
then fixed in this position by means of a screw, and 
the instrument is swung around to the other scale 
stone. Here a corresponding point is touched by the 
lower needle, while the upper one, of course, strikes 
upon the marble block. his upper needle is made 
to slide backward and at the point it marks a hole 
is drilled into the marble. The hole is continued to 
such a depth that when the needle is protruded 
again to its full length and touches the bottom of the 
hole it warks a spot that corresponds exactly to the 
place on which it was set on the plaster cast. This 
operation is repeated until the marble is covered witha 
large number of holes. The “‘scarpellino,” or chiselman, 
then cuts away the marble as far as the bottom of all 
the holes. After the statue isthus roughly blocked out 
it passes into the hands of a more skillful scarpellino. 
The latter completes the marble statue almost en- 
tirely, being constantly aided by the pointing ma- 
chine in making measurements. The sculptor then 
has little to do more than to add the finishing 
touches. 

In Greek and Roman times, and among mediaeval 
artists, the nude figures, it seems, were given a great 
degree of polish, to suggest the glossiness of the skin ; 
nowadays a grain is usually left on the marble. Michael 
Angelo, itis said, occasionally cut his statues out of 
the marble without first making a model, but this isa 
feat which requires a marvelous degree of skill. The 
late William Rimmer, of Boston, the famous authority 
of art anatomy, performed a similar task when he 
carved a colossal head of St. Stephen directly from 
granite without a model. 

Various sculptors of the middle ages, like Michael 
Angelo, when working in marble, did much of the work 
themselves, while many modern artists leave a large 
part to be done by assistants. Some, also, after hav- 
ing defined their conception of a figure (especially ac- 
cessory figures in groups), and decided upon the pose, 
composition and other matters, leave even the model- 
ing to be carried on to a great extent by expert assist- 
ants, who often have had an excellent artistic train- 
ing. The sculptor afterward goes over the work, com- 
pletes it, adds the finishing touches, and infuses into 
the whole the feeling of hisown artistic individuality 
and style. 

Now, suppose the sculptor’s work is to be cast in 
bronze ; the process is a difficult and delicate one and 
demands great care and skill. The first step in the 
operation is to makea sand mould from the plaster 
cast, the sand for which is brought from Fontenoy- 
aux-Roses, a place about sixteen miles from Paris. 
The plaster is first coated with shellac, over which 
“ talk,” the dust of potatoes, finely ground, is applied, 
before the sand is puton. There are really two moulds 
the inside one, or “core,” and the outside one, or 
mould proper, which is lined wifh plumbago. Into the 
space between the twothe molten metal is poured. 

ere it remains for from two to four days until the 
wetal is completely cooled. The latter is then taken 
outof the mould and cleaned of sand by means of 
brushes and tools of hard wood. It is then dipped 
into acid, which takes off all impurities and gives it 
the gold-like color of bronze. The operation, in fact, 
is the same as if you were cleaning an old and dirty 
copper cent. If the casting is found to be all right, 
it is then turned over to the chaser, who takes off the 
seams. He follows the plaster model instead of riffling 
the bronze into a polished surface, as was formerly 
done, and as in fact is done by many to-day. It then 
goes tothe mounter, who joins the pieces together. 
Across the water this joint is made within one-eighth 
of an inch, but here, the parts of the statue are joined 
to within one sixty-fourth of an inch. When the 
statue is thus mounted, the chaser goes over it again ; 
it is then examined by the sculptor, and if any slight 
changes are found to be necessary, the chaser makes 
them under the sculptor’s eyes. 

Formerly all bronze statues that were to be set up in 
this country had to be cast in Europe, usually in Rome, 
Munich or Paris. To-day-the whole work can be done 
right here under the sculptor’s supervision ; but it is, 
in fact, only within the last fifteen years that this 
has been so. The workmen employed in a bronze 
foundry comprise porters, moulders, mounters and 
chasers. All must be skilled artisans, but the last 
must really be artists, Only the very best chasers can 
be set to work on a statue. In a foundry where the 
work is very carefully done, less monumental work is 
produced than might be supposed.—New York Times. 


To make an ink from which a copy can be taken, by 
using the copying paper simply as though it were 
blotting paper, @. ¢., no press, no wetting, use aniline 
ink containing a large proportion of glycerine. 


A TWO-BOTTLE MARKING INK. 
By R. WRIGHT. 


THERE ars to be a demand for a marking ink in 
two bottles, and judging from the fact that questions 
have frequently been asked in the ‘* correspondence ” 
columns of this journal as to the composition and 
wethod of preparation of such inks, the subject is one 
not wholly destitute of practical interest to retail mwetm- 
bers of the drug trade. The fact that the formule 
which have been published from time to time have 
not yielded in my hands good results, and that others 
have proved more relinble, must be my apology, if 
such be needed, for troubling you with this note. 

In The Chemist and Druggist for November 26, 1887, 
the following formule were given : 


No. 1. Solution. 
Chloride of copper (in crystals). . . = grains. 
10° “ 


ammonium......... 5% 
1 fl. drachm. 
Dissolve. 
No. 2 Solution. 
Hydrochlorate of aniline. ........ 20 grains. 
Distilled water........... 80 minimes. 
Mucilage of acacia.................. 20 we 
10 
Dissolve. 


For use as a warking ink, 4 drops of No. 2 solution 
are wixed with 1 drop of No. 1. 

In The Chemist and Druggist for April 30, 1887, the 
following formula was recommended : 


Drachma, 
Crawshaw’s black dye ... ..... 


Digest the dye in the mixed liquids ata gentle heat 
till dissolved, then add 4 fluid drachws of glycerine and 
mix. Serves as a warking ink on the addition of a 
mordant. 

In the course of some experiments made with a view 
of discovering a reliable method, the above mentioned 
recipes were tried, but the results were not very en- 
couraging. The first mentioned solution, when mixed, 
gives an ink which is not nearly thick enough to write 
with, and asa result, it has a tendency to run. An- 
other disadvantage is that the writing is almost color- 
leas when freshly done, and it is sometimes very diffi- 
cult to trace the marks, On exposure to the air i’ be- 
comes considerably darker, but seldom, if ever, yields 
a jet black, even on long exposure and subsequent boil- 
ing with soap lye. With the second formula the results 
were just as unsatisfactory : once or twice boiling with 
soap had the effect of almost entirely obliterating the 
marks. From this it was evident that some other pro- 
cess would have to be adopted in order to secure any- 
thing like good results. 

In Cooley’s ** Cyclopedia,” page 1626, in an article on 
‘Tar Colors,” the following recipes are given for the 
production of aniline black. 

1. Dissolve 20 parts of potassium chlorate, 40 parts of 
cupric sulphate, and 16 parts of ammonium chloride in 
50 parts of water, warwing the liquid to about 60°, and 
then remove it from the water bath. In about three 
minutes the solution froths up and gives off vapors 
which strongly attack the breathing organs. If the mass 
does not become black after the lapse of a few hours it is 
again heated to 60°, and then exposed in an open place 
for a day or two, and afterward carefully washed out un- 
til no salts are found in the filtrate. For use in printing 
the black paste is mixed with a sowewhat large quan- 
tity of albumen, and the goods after printing are 
strongly steamed. . 

2. Mix equal weights of aniline (containing toluidine), 
hydroehlorie acid, and potassium chlorate, with a 
minute quantity of copper chloride and a sufficient 
quantity of water, and leave the mixture to evaporate 
spontaneously, when a black powder will be obtained. 

Frowm this it is evident that an aniline black may be 
obtained, by the action of an oxidizing agent upon 
aniline or aniline chloride in presence of a copper 
salt ; and it was thought possible, by a rearrangement 
of the ingredients in the above processes, to produce 
two solutions which, when mixed, would be capable of 
giving rise to the production of the same color. With 
this object in view, the following solutions were pre- 


pared : 


No.1. Take of— 
Commercial aniline. .... .... 1 fluid drachm. 
Dilute hydrochloric acid, B. P. 2.“ sie 
Thick mucilage of acacia...... * 
No.2. Take of— 
Commereial aniline........... 1 fluid drachm. 
Dilute hydrochloric acid, B. P. 
Methylated spirit ............. 
Thick mucilage of acacia....... 1 “ 


Mix in the above order. 
For mordants the following solutions were tried : 


No. 1. Chemist and Druggist formula given above, 
thickened with mucilage. = 


No. 2. Take of— 
Potassium chlorate.......... 20 grains. 
Cupric sulphate............. 
Ammonium chloride......... 
6 fluid drachms. 
Thick mucilage of acacia.... 2 “ 


Rub the solid ingredients to wder, to dissolve in 
_ water (boiling), then add the gum solution, and 
mix. 


No. 3. Take of— 5 


Copper chloride............ - 40 grains. 
Sodium echloride.... ....... 
Ammonium chloride......... 20 
Potassium chlorate.......... 

Distilled water.............. 5 fluid drachms. 
Thick mucilage of acacia.... 3 


Dissolve the solid ingredients in the water, previously 


~ 
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heated to the boiling point ; add the mucilage, and 


mix. 

Each of the aniline solutions was tried with the three 
mordants, with fairly satisfactory results. The ani- 
line solution without spirit seemed to promise best, 
and certainly gives an indelible black with Nos. 2 and 
3 copper solutions. 

It occurred to me that possibly the aniline might be 
improved by the addition of a little toluidine, and one 
or two experiments were tried with the addition of the 
solid orthotoluidine. The following solutions were 


made : 
No. 1. Take of— 
Aniline..... «+. 1 fluid drachm. 
Dilute hydrochloric acid, 
2 fluid drachms. 
Mucilage of acacia........... » 


Dissolve the toluidine in the aniline, add the acid 
and the mucilage, and mix. 

No. 2. Like No. 1,. with the addition of 1 fluid 
drachm methylated spirit. 

Both these solutions give good results with mordants 
Nos. 2and 3; the marking is clear and distinct, and 
turns perfectly black when boiled with soap lye. No. 1 
solation of aniline and toluidine, with No. 3 mordant, 
yields probably the best ink. A quill pen should al- 
ways be used with inks of this character, and the goods, 
after being marked, should be left for a day or two 
before being washed, in order to give time for the 
chemical reaction which results in the production of 
the aniline black to take place. 

I have by me now samples of linen which were 
marked with an ink of this character over three years 
ago, and which have repeatedly been boiled with a 
strong soap solution since then, and the marking is 
as distinct to-day as when first written. One of these 
specimens I[ inclose for your inspection. 

(The results seem to us to be excellent. Mr. Wright 
has done a useful piece of work in these experiments. 
—Ep. Chemist end Druggist.] 


THE SOURCES AND APPLICATIONS OF 
BORAX.* 


By E. L. FLEMING. 


BoRAX is a white, crystalline substance, peculiar to 
the mineral kingdom; it is a very mild alkali, of a 
pleasant sweetish taste, and is not injurious to the hu- 
man system ; it is freely soluble in water; its solution 
acts as a solvent for -esins, albumens, fatty acids, and 
certain organic bodies that are not soluble in water 
alone; but it does not appear to attack fibers, mem- 
branes, tissue, or skin. In the crystalline state or in 
solution, it is very easily decomposed by such acids as 
tartaric acid or acetic acid; but in its calcined or anhy- 
drous state, when fused, the boracic acid’ it coutains 
acts as a more powerful acid than even sulphuric acid. 
Borax in the crystalline state contains 4744 per cent. of 
its weight of water, to which it tenaciously adheres at 
the ordinary temperature of the atmosphere, time 
seeming to have very little effect upon its character. 
At the boiling point of water it slowly parts with near- 
ly the whole of this water, and if the process be con- 
ducted quickly, at a still higher temperature, the 
borax swells to several times its size, becoming a body 
of alight and porous nature, which may be crushed to 
a compact powder. At a higher temperature than 450° 
Fahr. it melts to a clear glass, which remains trans- 
parent on cooling. Though the applications of borax 
are not generally known, as a fact this interesting and 
valuable salt will be seen to be utilized in different 
ways by several industries, which are so numerous and 
important that it may be convenient to group them 
under different heads, and again specify the classes of 
each group. These groups may be considered under 
the heads of hardware, earthenware, chemicals, tex- 
tiles, leather, and food. 

In order to demonstrate the application of borax 
under each group, various representative firms have 
very kindly furnished specimens, in order toshow the 
way in which it is used in their particular industry, 
and these specimens are now displayed on the table 
before you. It must not be taken for granted that 
every one in each particular trade uses borax. I only 
mention this to avoid being misunderstood. In the 
hardware industries it is used by goldsmiths, copper- 
smiths, ironworkers, safemakers, machinists, and met- 
allurgists. For goldsmiths a special grade of borax is 
prepared, called jeweler’s borax, in pieces as solid and 
free from cracks as possible, so that when rubbed on a 
slate with water it is not liable to fall to pieces, but 
will gradually wear away until too small to handle con- 
veniently, when the small pieces are put on one side, to 
be used as a flux in melting or collecting. The manner 
in which borax is used in soldering gold work is as fol- 
lows: A piece of borax is rabbed on a slab of slate with 


’ asmall quantity of water until a rather creamy mix- 


ture results, and parts of the work are dipped in this, 
and the small pieces of solder applied by the aid of a 
cainel’s hair pencil moistened in the solution. The 
solder is then caused to melt by a quick blast from a 
blow pipe. 

In brazing copper it is used for cleansing the parts 
to be joined, on account of the property it possesses of 
dissolving the oxides that form a film upon the wetal. 
It is very extensively used in the manufacture of cop- 
per pipes and for other purposes. 

In welding iron and steel together it answers the 
same purpose. Machinists and others use the crystal 
for chilling the iron to the right temperature, for the 
purpose of casehardening or tempering different por- 
tions of machinery or implements to the desired degree. 

An enameled coating for cast iron and steel as well 
as copper is made by fusing on the metal a mixture of 
quartz, feldspar, clay, and borax, and then covering it 
with a glaze contaiuing borax. It is thus extensivel 
used in the manufacture of enameled iron mantel- 
pieces, made torepresent the rarest marbles, and in the 
great variety of enameled signs and hollow ware. 
Borax is also used in conjunction with infusorial earth 
for lining fireproof safes, for being a salt that contains 
nearly fifty per cent. of its weight of water of crystal- 
lization, with which it parts ata high temperature in 
the event of fire. the steam arising from the heated 
borax permeates the books and papers in the safe, and 


* A paper recently read before the Society of Arte, London, 


prevents their being burnt. For this purpose it is 
superior to alum, which is an acid salt, and has a tenden- 
cy to corrode theiron. At a red heat the boracic acid 
in borax readily dissolves, and unites with metallic 
oxides, forming a fusible glass, which property renders 
borax of great use in conjunction with other fluxes, for 
certain mineral and metallurgical processes. 

In the earthenware industries it is used by manufac- 
turers of imitation gems, glass, china, earthenware, 
and fcement, Inthe manufacture of strass,” which is 
the base of artificial gems, borax is mixed with pure 
silex, potash, and white lead, put into a Hessian cruci- 
ble and kept at the highest heat of a pottery furnace for 
twenty-four hours. The longer it is kept in a state of 
fusion, the clearer and more homogeneous it will be 
when cooled. For colored gems various metallic oxides 
are added, in proportions only learned by experience. 
The coloring matter must be in the finest powder, and 
notonly very intimately mixed, but the mixture must be 
very strongly heated, the heat must be long continued 
and the cooling gradual. In the wanufacture of glass 
it is not a necessary ingredient, but when used it is the 
strongest flux known. 

In the specimen before us it is contained in both the 
opal and flint metals. In the brilliant yellow glass of 
Sevres it forms over 10 per cent. of the component 
parts. It is used for staining glass different colors. 

Borax has recently been applied with considerable 
success to the manufacture of optical glass at Jena. 
This glass has very high refractive properties, and has 
been very successfully applied to the manufacture of 
lenses for microscopes and for photography. 

Borax is now used in glazing china and earthenware 
so extensively all over the world that the consump- 
tion in these industries, at the present time, exceeds 
any of the others. The principle adopted is to form a 
fusible glass of borax and other materials, and fuse it 
on to the baked earthenware. Many formulas have 
been published of the composition of this fret, but al- 
most every large firm have their own formula. 

In the manufacture of Parian cement the borax is 
added for the purpose of enabling the cement, when 
set and moulded, to take a polish. 

In the chemical industries, it is used in the manufac- 
ture of soap, colors, drysaltery, and cosmetics ; also in 
photography and timber preserving. 

There are many kinds of borax soap. From all ac- 
counts its use in this oy arose from the fact that 
the linen of Holland and Belgium became celebrated 
on account of its superior whiteness, in the cleansing 
of which borax was used as a soap powder ; and hence 
we find that dry soap, soft soap, and toilet soaps are 
now made with it. 

In the manufacture of colors borax is used, in the 
preparation of borate of chromium, a pale green pow- 
der, and borate of copper, a darker green. These are 
ane as substitutes for arsenical green in painting and 
dyeing. 

In drysaltery it is used in the shape of borate of lead 
and borate of manganese. Both these products are 
used in the manufacture of varnish (as driers) The 
borate of lead is used for the palest varnishes, and the 
borate of wapganese in other varnishes. 

Asa cosmetic, it enters into the composition of many 
preparations for the hair, the face, and the hands. 

Photographers use it in the toning bath to govern 
the action of chloride of gold, which is dissolved in 
conjunction with it, for changing the color of a photo- 
graphic print from the first or red color to a beautiful 
brown or black. It is also used as a water varnish to 
give a gloss tocollotype priuts. Alsointhe Woodbury 
printing process, a sheet of paper for printing on is 
first rubbed all over on one side with a solution of 
borax, and then floated on a solution of shellac ; when 
dried it is ready for printing on. 

In the preservation of timber it is used for dissolving 
the albuminous resinous watter, or the sap, which 
readily decays, leaving only the tough fiber. 

Borax dissolves caseine, forming a substance which 
can be used as wucilage. 

In the textile industries it is used in the manufac- 
ture of silk, calico, lace, hats, candle wicks, linen, and 


paper. 

In silk it serves for dissolving the glutinous matter 
adhering to raw silk. 

In calico printing it is used for fixing certain colors 
as a mordant. 

Laces, muslin, tulle, and other light fabrics steeped 
in a solution of borax are rendered fireproof. 

Hat manufacturers use borax for dissolving shellac 
to form astiffening for felt hats made of wool. A weak 
solution of borax is used after the felt. body is proofed, 
to wash from the surface any excess of stiffening not 
— upon the face of the felt. 

andle wicks are prepared with a solution of borax. 
Its use is to cause the wick to curve in burning, and at 
the same time to vitrify the ash. It also prevents the 
wicks from burning too rapidly, and obviates the ne- 
cessity for snuffers. 

In starching linen it acts as an economizer of starch, 
giving a clearness and stiffness as well as a glaze to the 


8. 

In the manufacture of paper and cards it is also used 
in glazing. To obtain this glazed finish, a solution of 
shellac and borax is floated over the surface, which is 
afterward subjected to very heavy pressure. 

In the leather industries it is u in curing and pre- 
poring skins, by leather dressers and leather dyers. 

his sheepskin rug has been sent by a manufacturer, 
who states that borax was used among other ingredi- 
ents in preparing it. 

It is used asa mordant in dyeing leather with aniline 
colors. And also in polishing, a littie borax in the 
blacking or color is added to enable the iron used in 
polishing to pass freely over the leather. It prevents 
the iron sticking and increases the giaze. 

In the food industries it is used by pork 
fish curers, grocers, glacialine manufacturers, and 
“ioe dered borax for sprinkli 

ork packers use powde rax for s ng over 
hams and bacon. ‘Thousands of tons of meat are thus 
annually preserved in America. 

Fish curers use a mixture of boracie acid, alum, and 
salt for keeping herrings fresh. The principal seat c¢ 
this industry, so far, has been at Hangoesund, near 
Stavanger, in Norway. 

Grocers supply borax for culinary purposes, and 
glacialine mamufacturers use borax in their prepara- 
tions tor keeping milk. 

Droggists use it in the preparation of at least a 


dozen drugs, such as borax lozenges, borax pastilles, 
and mel boracis, or borax and honey. 

Having thus practically demonstrated its usefulness, 
let us turn our attention to the sources from whence it 
comes. England has no borax fields or mines, and at 
present the material, either in the wanufactured state 
or that from which it can be manufactured, comes 
from Thibet, Italy, Chili, California, and Asia Minor. 
Thibet is the most ancient source, and under the name 
of “‘tineal” borax is brought from the neighborhood 
of Yam-dokcho to Caleutta, from which port the source 
of origin is distant between 400 and miles almost 
direct north. At the present time there is railroad 
communication as far as Darjeeling, or a distance of 
800 miles. 

There is also a borax refinery at Jagadhri, 37 miles 
southeast of Umballa, in Northern India. All the 
borax which is exported from India is brought from 
the Trans-Himalayan region. 

Stretching from Ladak, or Leh, eastward as far as 
Lhasa, along the course of the Sutlej and Brahmapu- 
tra, are a lineof lakes about athousand wilesin length, 
and it is from this district that the tincal comes. The 
deposits of borax are invariably associated with sul- 
phates and carbonate of soda, with more or less chlor- 
ide of sodium and earthy matters, from which the 
tincal is mechanically separated by the natives, and 
packed in small woolen bags, holding 25 lb. to 30 Ib. 
each. It is transported across the mountains to the 
highways of commerce upon the backs of sheep. 

The supply from this source has never been very ex- 
tensive, owing to climatic influences, the difficulties of 
transport and the competition from other sources. Ac- 
cording to the official returns, it appears that, in 18838, 
1,201 tons were exported from India, while in 1887 only 
714 tons were exported. The quality of the tincal 
varies from 65 per cent. to 90 per cent. of pure borax. 

The Italian soure? of borax is crude boracie acid, the 
development of which, by the grandfather of the pres- 
ent Count Larderel in the year 1818, is a matter of his- 
tory. The boracic acid springs are situated in the 
Pomarance district of the province of Pisa, sixty-five 
wiles southeast from Leghorn. 

In the voleanic districts in Tuscany there are many 
places where jets of steam are thrown up which are 
charged with boracic acid. These are known as soffiont. 
The steam is condensed by being passed through water 
in basins. The water is evaporated by the heat of the 
soffioni and the acid thus obtained. tween 500 and 
600 people are engaged in the industry, and it is stated 
that the expense of producing a ton of boracic acid of 
commerce amounts to £15, 

The average cowposition of the crude material, taken 
from samples of 5,000 tons over three fee shows it to 
consist of 8344 per cent. of pure crystallized boracic acid, 
which is equivalent to 1284¢ per cent. of borax ; that 
is to say, with the addition of soda and water, 100 parts 
of crude Italian boracic acid will produce 12844 parts 
of borax. 

From the Board of Trade returns, the production of 
boracic acid in Italy, for three years 1884-86, showed 
an average of 2,445 tons r annum, which, converted 
into borax, would be 3,141 tons. Efforts have been 
made from time to time to increase the supply of bora- 
cic acid, without success. 

There is railroad communication to within about eight 
miles of the works. The acid, packed in large casks 
weighing 18 ewt., is hauled to the railroad station on 
two-wheeled carts drawn by a mule or pony, two 
casks, and sowetimes only one, formingaload. In the 
distance these ponies with their loads winding round 
the country roads look like ants carrying a grain of 


cern. 

In the year 1836, a double borate of lime and soda 
was found near Iquique in Peru. It is a silky, fibrous 
substance, which looks very wuch like asbestos. It 
was identified by Ulex, after whom it has been cailed 
“ ulexite.” When pure, it is capable of yielding a very 
large percentage of borax, but it is generally associated 
with sulphate of lime, sulphate of soda, and common 
salt. It is found in nodules, from the size of a hazel 
nut to a large pumpkin, embedded in the warsh 
or lagoon, under an upper crust of sand and salt vary- 
ing in thickness of from one to five inches. Lar, 
quantities of this borate of lime have been ship 
from Iquique, Antofagasta, and Caldera. 

The borate, when first dug out of the marsh, is rather 
woist, and the lumps are left lying exposed to the sun's 
action to dry. Mr. Robottom, who has just returned 
from Chili, states that the largest deposits of borate of 
lime are situated at Ascotan, in the province of Potosi, 
Bolivia. latitude 21° S., longitude 68° W. There is a 
railroad running past the deposit down to Antofagasta, 
a distance of 300 miles, the freight to point of shi 
ment being 25s. per ton. The Ascotan lagoon is 12, 
feet above the sea level, it is 25 miles long, with an 
average width of from three to six miles. 

The borate is made into borax and boracic acid at 
aaa where there is a large and well regulated 
works. 

About 50 miles southeast of Iquique, 14 miles from 
Pica, at the foot of the Pintadas mountains, there is 
another deposit of borate. There is also a deposit at 
Maricunga, to the north of Copiapo, the shipping 
point for which is Caldera. 

The raw material contains, on the average, 25 per 
cent. of boracic acid, equivalent to 68 per cent. of 


rax. 

The annual production of borate of lime in Chili and 
Bolivia is estimated at 4,500 tons, equivalent to 3,000 
tons of borax. 

The Californian source, with which is associated 
Nevada and Oregon, is probably the most prolific in 
borax minerals of any section of the globe. hatever 

ou findin other borax-producing countries you find 

ere, viz., tincal, boracie acid, double borate of lime 
and soda, and uiborate of lime. Borax was first 
discovered in California in the year 1856, by Dr. John 
A. Veatch. 

Of tineal, or crude borax, there are no less than ten . 
deposits, or borax marshes, as they are called. Five 
of these are. situated in California and five in the 
neighboring State of Nevada. 

The Californian marshes are situated at Saline Valley, 

Furnace Creek, and Armagosa, all in the County of 
Inyo; Slate Ronge, in San Bernardino County; and 
Lower Lake, in e County. The Nevada warshes 
are at Rhodes, Tees Marsh, Lake, and Columbus, 
in the County of Salt Wells, in 
Churchill County. 
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Besides these borax deposits, there are deposits of 
double borate of lime at Rhodes and Columbus, in 
Nevada, and Death Valley, in California. And also 
mines of sesquiborate of lime at Dagget, in San Ber- 
nardino County, at Death Valley, in Inyo County, 
California, and at Chetco, in Oregon. 

The general view of a borax warsh is perhaps best 
illustrated by a photograph, and, for this purpose, we 
we will throw on the screen a photograph of the Saline 
Valley borax marsh. 

This marsh, which is one of the richest in the State 
of California, is situated on the eastern slope of the 
Sierra Nevada mountains, 11 miles from the line of the 
Carson and Colorado Railroad, and 220 wiles east of 
San Francisco ; the valley is 18 miles long by 12 miles 
wide. The crude borax covers the plain to the extent 
of over a thousand acres, with a depth of from 6 inches 
to 18 inches. 

The borax is mixed with sand, sulphate of soda, car- 
bonate of soda and salt. The color of the crude ma- 
terial, as it lies upon the plain, is of a peculiar 
grayish yellow, giving the surface the appearance of 
snow, somewhat tinged by age. The material varies 
in richness from 10 to 90 per cent. of pure borax. 

The next photograph will show the crude method 
adopted in refining the borax. The plant consists of 
long semicircular iron pans, into which the material is 
thrown, the pans are boiled by fires underneath, and 
when the solution is of the required strength, after 
settling for a few hours to allow the solid matters to 
subside, the clear liquor is run off into vats to crystal- 
lize, which takes about a week; and the erystallization 
being complete, the mother liquors are decanted, and 
the borax removed and packed. 

The process is so single that Indians are employed 
in borax refining. The next two photographs will 
show groups of these natives; they belong to the Pah 
Ute tribe, and very good fellows they are; they are 
paid a dollar a day.* 

The cost of obtaining a ton of borax at the marsh 
amounts to £3 10s., in addition to which there is haul- 
ing and railroad, and freight to the market. 

The Death Valley borax marsh lies a little to the 
southeast of Saline Valley, and more remote from the 
railroad. Death Valley takes its name from the cir- 
cumstance of a company of emigrants entering it, on 
their way from Salt Lake to California, in the year 1850. 
Very little was known then of the passes through the 
mountains, and this party made the fatal mistake of 
attempting a more direct pass than that by the well 
known emigrant road. The valley was to them a cu/ 
de sac. While seeking an outlet, they experienced 
dangers and difficulties altogether unexpected and al- 
most insurmountable. Finding it impossible to take 
their wagons over the mountains, they abandoned 
them, and while some of the party climbed the rugged 
and roadless passes, others, seeking water, miserably 
perished. 

In this valley, and also at Calico in San Bernardino, 
there exist mines of sesquiborate of lime, or borate 
spar. This borate lies in ledges varying in thickness 
from 6 inches to 6 or 7 feet, and crops out at the sur- 
face at different angles. 

The photographs now exhibited on the sereen 
will best explain the manner in which this borate 
occurs. 

The borate is mined in the ordinary manner by sink- 
ing shafts and running levels. 

The material is carefully picked and freed from the 
limestone, gypsum, and steatite with which it is asso- 
ciated, when it yields a product containing from 35 per 
eent, to 40 per cent. boracic acid, and can be converted 
into its own weight of borax. 

There are three kinds of sesquiborate of lime that 
correspond to the three varieties of carbonate of lime, 
viz., cale spar, marble and chalk. In many instances 
it ix extremely difficult to distinguish by the eye the 
difference between the borate and the carbonate. 

Prospectors for borax and borates frequently use a 
little sulphuric acid and alcohol to detect their pres- 
ence; the boracic acid liberated by the acid gives with 
alcohol, upon ignition, a beautifal green flame. If you 
have no means of obtaining these, a little vinegar and 
whisky will give the same result. 

These three varieties of sesquiborate of lime are 
worked in Oregon, California and Asia Minor. 

At Chetco, Oregon, the borate of lime occurs in large, 
beautifully white nodules, embedded in a soft serpen- 
tine formation. This variety is similar to chalk. 

The borate spar of California is similar to cale spar, 
and the boracite of Asia Minor may be likened to 
marble. 

At the present time, the production of borax on the 
Pacific coast amounts to 6,000 tons per annum, most, 
if not all, of which is consumed within the limits of 
the United States. 

The next and last source is that from Asia Minor. 
Boracite, as it is called, was discovered in 1869 at Sultan 
Chairi, near Suzurlu, in Asia Minor, forty-five miles 


from Panderma, a port on the Sea of Marmora, 100) 


miles from Constantinople, with which city there is a 
regular service of steata boats. 

The principal deposits, as far as yet known, exist 
near the Tschatalja mountain, in longitude 28° 2’ east, 
and latitude 40° north. It is mined by means of both 
shafts and tunnels, The boraciferous stratum varies 
in depth, the nodules or borate being disseminated 
through the gypsum and other earthy impurities with 
which it is associated, and from which it has to be se- 
lected and picked. The material is hauled to Panderma 
in ‘* arabas,” or native ox carts, or else packed on the 
back of camels. It tests from 40 to 44 per cent. of 
boric acid. The present annual yield is from 4,000 to 
9,000 tons. 

There are other minerals existing in different parts 
of the globe that contain boracic acid, but either the 
quantity, the quality, or other difficulties exist that 
prevent their being dealt with commercially. They 
are interesting mineralogically. 

The manufacture of borax, as far as the English are 
soncerned, divides itself into two classes--the manu- 
facture of borax from boracic acid and that from 
sesquiborate of lime and double borate of lime and 
soda, 

The mere refining or recrystallizing of crude borax 
requires no skill atall, The manufacture of borax from 

* For illustrations of Borax Lake, California, and works, see ScienTi- 
Fic AMERICAN SupPLEMENT, No, 733. For illustration of Chilean de- 
posite, see Suppnement, No. 581, For early history of the California de- 
posite, see SUPPLEMENT, No, 578, 


boracie acid imported from Italy involves several pro- 
cesses. The sulphates of ammonia and magnesia have 
first to be washed out of the crystallized acid, and this 
is effected by reason of their superior solubility. The 
boracic acid is then boiled in large iron pans, with the 
requisite amount of carbonate of soda, the impurities 
allowed to subside, and the clear liquor run to large 
iron vats to crystallize. This first borax is not pure 
—_ for commerce, and requires a second crystal- 
ization. 

The impure borax liquors are boiled down, and upon 
reaching a strength of 60° Twad., or 1,300 specific 
gravity, are allowed to recrystallize and throw down a 
further crop of borax. Before the mixture reaches a 
temperature of 80° Fahr. it is drawn off into other vats 
to allow the sulphate of soda to crystallize out, and, 
finally, the liquor is raised to the boiling point, and 
concentrated, in order to get rid of the common salt. 

Borax manufactured from boracie acid is liable to be 
tinged with various colors, such as black, green or 
yellow, on account of impurities contained in the acid 
or the soda ash, and are dueto the presence of sul- 
phides or oxides of iron. In order to overcome this 
difficulty the borax is bleached when in a state of solu- 
tion. 

The manufacture of borax from boracite, colmanite, 
or ulexite presents a new feature that does not ap- 
pear in the manufacture from boracic acid, and that 
is, that when any of these minerals are reduced toa 
state of the finest powder, and boiled with carbonate 
of soda, what is known as borate of soda, as well as 
biborate of soda, is formed. 

The biborate of soda or borax crystallizes out in the 
ordinary way, but the borate of soda remains as a 
thick sirupy liquor, which has to be decomposed 
either with carbonic acid, boracic acid, or bicarbonate 
of soda, If thisis not done, loss is apt to oecur, and 
the full strength of the mineral is not obtained. 

With such abundant and redundant supplies of 
borate of lime throughout the world, it becomes a 
question of transporting the boracic acid it contains 
in as concentrated a form as possible, especially in 
those regions where the quality is but poor, and, 
therefore, many plans have been devised. One of the 
simplest is what is known as the sulphurous acid pro- 
cess, and this is to be preferred to others on account of 
the small quantity of sulphur required to extract the 
boracie acid. 

The process consists in burning sulphur, and _ inject- 
ing the sulphurous vapors into the decomposing ves- 
sel, where the borate of lime is kept in a state of agi- 
tation and suspension in water. 

Only one ton of sulphur is required to produce five 
tons of acid, and the saving effected in cost of trans- 
portation, where it takes two or even three tons of 
borate of lime to produce a ton of boracic acid, re- 
quires no recommendation. 

The price or value of borax has probably interfered 
to a great extent with its more general use. The fluc- 
tuations can be better described by a diagram on the 
wall, and shows the value in London and New York 
for the last twenty years. 

In 1872, owing to a combination, the price was forced 
up to over £100 aton, since which time, owing to the 
American and Asia Minor supply becoming developed, 
the price has declined, increased and declined again. 
And at the present time the curious circumstance ex- 
ists that the price of borax in America is higher than 
itis in England. America, of all places in the world! 
The way it came about was this. Prior to 1883 Italian 
boracic acid was admitted into the United States duty 
free; so some of the borax manufacturers applied to 
Congress to put on aduty, as it was ruining the borax 
industry. This Congress obligingly consented to do, 
and put on a duty of 4 cents a pound. There has 
been a duty on borax of foreign manufacture all along ; 
but American borax, shipped from San Francisco to 
New York, via Panama or round the Horn, is ad- 
mitted duty free. Even if American borax is shipped 
from San Francisco to Liverpool, it can be reshipped 
to America and admitted duty free. Still the price of 
borax in the United States went down until, in 1885, 
it was sold at £21 per tonin San Francisco. It then 
occurred to the borax producers to combine and put 
up prices, which in 1887 they did, limiting the produc- 
tion to the requirements of the United States, and 
selling to actual consumers ina few other countries. 
The price was put up to the full extent of the tariff on 
borate of lime and boracie acid. And so the consum- 
ersof borax in the United States, where there is prob- 
ably more borax than any other section of the globe, 
have to pay more for it. You will notice that twen- 
ty-eight industries, owing to the action of the pro- 
tection policy of the United States, thus suffer to ben- 
efit one. 

But in order to maintain that price the Americans 
are restricted to the consumption in their own coun- 
try, for fear of their borax being bought at the cur- 


|rent price in England, and shipped across to New 


York to compete with the higher prices there. 

Various estimates have been made of the consump- 
tion of borax throughout the world, and one of the 
methods of ascertaining this is by referring to the pro- 
ductions of different countries and converting the dif- 
ferent materials into their equivalent of borax. We 
thus find the production to be as follows : 


Tons. 

Asia Minor...... 8,000 
United States........ 6,000 


As the American and Asia Minor supply has been 
developed within the last 20 years, it will be seen that 
the uses of borax, to the extent of 14.000 tons per an- 
num, have increased during that period, or nearly 300 
per cent., and it may be taken for certain that its uses 
will still farther extend. 

In the discussion which followed Mr. Arthur Robot- 
tom said he was neither a chemist nor a geologist, but 
he had traveled much in search of borax, feeling sure 
that its general use would be a great vaiue to the 
world. He was the first to bring it from California, 
and having a large stock of course he tried how he 
could dispose of it, and to what uses it could be put. 
He, therefore, induced the butcher in the vil 
where he resided to let him have some cowhides, 


which he treated with borax. He then had then 
tanned and sent the leather to Northampton, where it 
was pronounced to be as fine as any in the world; in 
fact one man was so pleased with it that he had kept 
a specimen in his window ever since. When he first 
went to America borax was little known there except 
to druggists, but he spoke about it, and got its uses 
noticed in the pen Rambling in the Death Vallev 
he saw a dead horse lying on the ground, and pulling 
out some of the hair and finding it perfectly firm he 
cut a piece of flesh with his knife and found it perfect- 
ly sweet, although, as he ascertained afterward, the 
carcass had been lying there a long time. He got this 
noticed in the California papers, from which it was 
copied into others, and that was the beginning of the 
use of borax as a preserving agent in America, a use 
which had now become so general. Near the Death Val- 
ley there was a deposit of crude borax, which he dis- 
covered about a foot under the blue mud. When this 
was removed the borax was accessible ; and when the 
sulphate of soda was dissolved out, it was tolerably 
pure. Hesenta cargo of it home round Cape Horn, 
and felt very proud when it arrived. It was a very 
toilsome journey to get there, for there was no railway 
then; and he had 212 miles to walk, through a very 
difficult country ; but he felt amply repaid, when he 
found the borax, knowing it would have the effect of 
bringing the price down, and putting it ,within the 
reach of all. 

With regard to its effects on the human system, he 
believed Sir Henry Thompson had spoken of it as de- 
leterious, but he took it constantly, and was never out 
of health, and be had enred many sore throats with 
it, for he always kept a supply of itabout him. Sir 
Joseph Lister was the first to use it as an antiseptic in 
medicine, and if people could only be taught to use it 
in their socks it would be an immense boon to soldiers, 
policemen, postmen and others who had a great deal 
of walking to do. The great difficulty was to get 
shopkeepers to sell it, but he did his best to make its 
virtues known. He had been in communication with 
hundreds of chemists on the subject, and he always 
endeavored to find out what their customers said of 
it. The antiquity of tincal as an import from Thibet 
was considerable. He had reason to believe that it 
was brought by caravan from beyond Shata to China, 
and hence by way of Babylon and Palmyra to the 
Mediterranean ports before the Christian era. In 1707 
the price of tincal in London was £9 5s. a ewt., or £185 
aton; and in July, 1756, from a price current, he 
found it was £14 a ewt., or £280 a ton. Of course at 
such a price it could not be used for washing. The 
great thing to be desired was that it should be low in 
price, sothat washerwomen might use it instead of 
soda ; they would not get sore arms, and if they had 
such it would cure thew. 


ON THE MAGNETIZATION OF METALS. 
By Tomas T. P. BRUCE WARREN. 


Ir is well known that if a bar of iron or steel be mag- 
netized, there is a linear increase in the magnetic 
‘line of direetion,” but I am not aware of any pre- 
viously published experimental data showing whether 
the increment is cubical, or whether the extension in 
length, or “line of direction,” is accompanied with a 
diminution in{the other linear directions of the mass. My 
experiments, which have been frequently repeated, 
show that there must be a diminution in the transverse 
section of a rod, for the same rod, when magnetized, 
occupies the same bulk as before being magnetized ; in 
fact, there seems to be a slight diminution. I hope to 
deal more fully with this portion of the subject in a 
future communication. 

I cannot find that any experiments have been made 
showing the effects of cubical compression. If, for in- 
stance, a bar of iron or steel be rigidly prevented from 
altering its dimensions, would it be possible for the 
saine to acquire a high degree of magnetization rela- 
tively, when under no restraint? The solution of this 
probiem might throw much light on the behavior of 
the dipping needle when traversing a country where 
wagnetic rocks are supposed to exist. 

Bearing upon this, we must not omit to take into 
account the screening effect due to the magnetic per- 
meability of the various geological deposits overlying 
a stratum of high magnetic susceptibility. 

An arrangement which I designed some time ago, 
and which I termed a “torpedo finder,” is based upon 
these facts. The position of a submerged torpedo, 
anchor, or any piece of iron may be indicated by means 
of the magnet, but, unfortunately, the low permeabil- 
ity of water involves the lowering of the magnet to 
within a short depth of the plane containing the sub- 
merged mass, 

An electromagnet, or solenoid, may be made mag- 
netically stronger than an ordinary magnet. The 
electromagnet is lowered to within a few feet of the 
bottom, the depth of which has been previously ascer- 
tained by careful sounding. The electromagnet is ex- 
cited by a primary or secondary battery. By means of 
a delicate dynamoweter, the strain due to the electro- 
magnet and its leading wires is noted, the battery 
power is increased, when any increased pull will in- 
dicate the existence of some disturbing cause in the 
neighborhood ; by keeping the magnet clear of the bot- 
tom and gently steering, we avoid uncertainty in the 
dynamoweter indication, as is experienced in dragging 
over a rough or uneven bottom.—Chem. News. 


THE TELEPHONE AS AN OPTICAL CURRENT 
MEASURER. 


By Max WIEN. 


THE author arranges his ‘‘ optical telephone” as fol- 
lows: A thin corrugated German silver membrane, such 
as is used for aneroid barometers, is provided at the 
middle of that side which is toward the electro-magnet 
with a piece of soft iron and on the other side with a 
pin. The latter presses against a piece of very fine 
watch spring steel, one end of which is fixed, while the 
other carries a very light mirror, A telescope is nsed 
to throw the image of-an illaminated slit on the 
mirror. 

If a constant current is allowed to pass through the 
apparatus, the membrane chanyes its position of equili- 
brium ; the beam of light is displaced, and remains su. 


as long as the current does not alter. This displace- 
ment is proportional to the current intensity, and can 
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be experimentally regulated. Since the telescope al- 
lows 100 divisions of the seale by tenths to be observed, 
and one division may be made to correspond to about 
5 10—* amperes, a conclusion as to the sensitiveness 
attainable can be arrived at. 

Although the “optical telephone” is thus highly 
suited for constant currents, it is still better adapted 
for those which alternate. If a simple sine current 

ses through the apparatus, the membrane vibrates 
and witb itthe mirror. [nstead of an ordinary displace - 
ment a band of light is then produced, the breadth of 
which isa measure of the amplitude of the sine current. 


formed of bar steel *4 inch by 4 ineh, fastened by 
countersunk screws to stringers. The upper stringer 
is of wood, 2 inches square, and the lower also of wood, 
2inehes broad by 4 inches deep. The upper rail is 
supported and braced at intervals of about 3 feet. 

The carrier, Fig. 3, is a hollow ‘cylindrical projectile 
of wrought iron, with ogival ends, the cylindrical por- 
tion being 8 feet long and 10 inches in djameter, the 
length 12 feet over all, and the weight approximate- 
ly 500 pounds. It has capacity to contain, say, 10,000 
letters, weighing, perhaps, 175 pounds. It is provided 
with two flanged wheels above, and tWo underneath 


1.—PORTELECTRIC TRACK AT DORCHESTER, MASS. 


It is, however, necessary that the natural tones of 
the membrane and the spring and the number of 
alternations of the sine current should be in corre- 
spondence with one another. This may be easily 
effected so far as the membrane and the spring are 
concerned, and also for the current, if the latter is de- 
rived from an induction coil, the contact breaker 
spring of which is brought to the right tone. 

By comparing the results with those given by a dy- 
namometer, the proportionality between the displace- 
meut and amplitude of the current was experimentally 
established. The author shows how with his appara- 
tus he has measured self-induction and fluid resistance 
with alternating currents. Finally, he gives a table 
showing the conductivity of dilute sulphuric acid of spe- 
cifie gravities between 1°200 and 1°250. The maximum 
value 691°9.10—' is reached at a temperature of 17°3° C. 
at a specific gravity of 1°224.— Wied. Ann. 


THE NEW ENGLAND PORTELECTRIC COM- 
PANY’S SYSTEM OF TRANSPORTATION. 


Since the close of the exhibition of the model of 


all of which, being fitted with ball bearings, revolve 
with very slight friction. 

The propelling power is derived from a series of hol- 
low helices of insulated copper wire, each of which 
encircles the track and carrier. These are fixed along 
the permanent - at intervals measuring 6 feet from 
center to center. Each helix is composed of 630 turns 
of No. 14 copper wire, in five layers, weighing about 20 
pounds, and having a resistance of about 5 ohms. A 
contact wheel, mounted upon the carrier, and running 
in contact with the upper track rail (which is divided 
into sections, and utilized as an electric conductor), 
connects the several helices in succession with the 
source of electricity as the carrier moves forward upon 
the track. 

The electric current is supplied by a dynamo having 
&maximum capacity of about 8,000 watts, or a little 
over ten horse power, driven by a steam engine rated 
at ten horse power. 

Expériments were first made to determine the maxi- 
num speed of carrier which could be obtained from 
the appliances in use at the time of inspection. This 


-was found to be 2,784 feet in 56°5 seconds, or 49°3 feet 


the portelectric in the ‘‘Old South Church,” Boston, | per second, equal to 33°5 miles per hour. 


over a year ago, persistent and unremitting efforts 


The consumption of electric current, or rate of elec- 


have been made to determine all the conditions neces-; tric work while the carrier was in motion, was between 


Diacram or Portecectric Line 


Seare 100 et.- % in. 


Fig. 2.—DIAGRAM OF EXPERIMENTAL PORT- 
ELECTRIC LINE. 


sary for the construction of a commercial line for prac- 
tical business purposes. Much delay has been caused 
in the progress of the work by the severe and uncalled 
for test to which the invention was put by the con- 
tracted course which the company was compelled to 
adopt, and which gave little opportunity for straight 
runs, so essential to the development of high speed. 

The present experimental track is situated at Dor- 
chester, Mass., and the tests have been carried on 
under the supervision of Mr. J. T. Williams, the in- 
ventor of the system, assisted by Prof. A. E. Dolbear, 
the electrician of the company. In a report recently 
made by Franklin L. Pope, we gather some interesting 
details as to the methods employed and the possibili- 
ties of the system. 

The experimental plant at Dorchester comprises an 
endless track, Figs. 1 and 2, elevated upon a wooden 
trestle a few feet above the ground, 2,794 feet in circuit, 
consisting of one tangent of 492 feet and another of 
430 feet long, united at their ends by two curves, one 
of which is 1,092 feet long and 282°5 feet radius and 
the other 780 feet long and 234-4 feet radius. The 


track in the first tangent of 588 feet is level, while in 
other portions of the cireuit are grades rising to a 
maximum of 446 per cent., or 227 feet per mile. 

The track consists of an upper and a lower rail, 


. 


nine and ten electric horse power. The maximum 
tractive effort with a current of ten amperes was found 
to be 80 pounds. The electrical force producing this 
magnetic attraction was 6,300 ampere turns. 

The rate of acceleration was found to be as high as 
4°5 feet per second. The force of traction required to 
produce this acceleration, with the carrier of 500 
pounds weight, is about 70 pounds. 

A tractive effort of 70 pounds, exerted upon the car- 
rier moving at the rate of 50 feet per second, requires 
the expenditure of 63 horse power, or 4,712 watts. As 
the average electrical energy supplied appeared to re 
present something like 8,000 watts, the efficiency of 
the helices and carrier, considered as an electric motor, 
may be estimated at about 60 per cent., which figure 
agrees very well with other determinations of solenoid 
magnets. 

There are eight hundred and eighty helices, and 
seventeen thousand six hundred pounds of insulated 
wire per mile in the helices, in addition to that in the 
wain conductors. 

As each coil is ordinarily in circuit for only a fraction 
of asecond at a time, itis evident that a volume of 
current per unit of sectional area may be used with im- 
punity in this case which would be wholly inadmis- 
sible under ordinary conditions. 


Fie. 3.—CARRIER OF THE PORTELECTRIC SYSTEM. 


The provision for power required to propel the car- 
rier at the assumed rate of 150 miles per hour may be 
taken at fifteen hundred volts and seven amperes per 
forty wiles of single track, or about 0°83 horse power 
of generating capacity per wile. This may be esti- 
mated, including steam plant and buildings, at $125 
per horse power, or say $45 per mile, 

The actual cost of the electric power required to pro- 
pel the carrier at this rate may fairly be taken at five 
cents per horse power hour, including cost of attend- 
ance at stations. The mere cost of power for propel- 
ling a carrier from Boston to New York would, there- 
fore, not exceed seventy-five cents per trip. 

Excessive estimates of the cost of a double track 
line, waking. liberal allowances in all directions, do 
not exceed $35,000 per mile, or about $7,000,000 for a 
line between Boston and New York.—Hlec. Engineer. 


THE ELECTRIC TRAMWAY AT BUDAPEST.* 
By F. UPPENBORN. 


THE use of overhead conductors for tramway pur- 
poses introduces in many plants almost insuperable 
difficulties. In many large towns especially it will not 
be possible to obtain the permission for this kind of 
working, and the choice will therefore mostly have to 
be made between accumulators and underground con- 
ductors. Traction by means of accumulators has 
many points preferable over the other arrangement. 


| Independence of a central station, which was formerly 


considered as a chief consideration, has gradually lost 
its importance in the course of successful endeavors to 
raise the safety of central station working on the one 
hand and the security of the connection of the elec- 
tric car to the central station on the other. The most 
important advantage arises from the fact that accum- 
ulator cars can at once use the existing tramway lines. 
Against this advantage there are, however, many con- 
siderable disadvantages, among which we may point 
inerely to a striking one—namely, the absence of an 
accumulator thoroughly suitable for tramway pur- 
poses and tested by lengthy work. This reason was at 
the time of choice of the system for the electric tram- 
way at Budapest even more preponderating than it is 
at present, when we are, at any rate, in possession of 
satisfactory accumulators for stationary purposes. 
The decision was therefore made for underground con- 
ductors. 

The electric tramway as it has been carried out and 
is already working in three streets of Budapest is a 
slotted conduit system, and in exterior appearance 
hardly differs at ail from ordinary tramways. As 
shown in the cut, the rails, corresponding in some de- 


SECTION OF BUDAPEST ELECTRIC 
TRAMWAY. 


gree to the rails of the Haarmann system, are sepa- 
ted byagap of 33mm. (13 in.) Onerail of the track 
is screwed by means of wrought iron augular fish 
plates on 18 cm. (7°1 in.) wide cast iron frames corre- 
sponding to the profile of the conduit running beneath 
this rail, and designed to receive the conductors. The 
conduit has an oval, egg-shaped profile, 28 em, (11 in ) 
wide and 33 em. (13 in.) high ; at its upper side it has 
a 33 mm. (1‘3in.) wide gap corresponding to that of 
the rail, so that, asin other conduit systems, the slot 
in the rail leaves the conduit open at the top along its 
whole length. The iron frames, on which the double 
rail is screwed, occar at intervals of 1°2 m. (4 ft.) Be- 
sides supporting and fastenlng the rail they serve also 
as skeleton to the conduit, and, further, they carry the 
insulators supporting the electric conductors. The 
conduit, the whole of which runs at a constant depth 
of (22°44 in.) beneath the upper border of the 
pavement and rail, is built in concrete between the 
iron frames, the frames being used as guides. The 
rails have the requisite strength to bear with safety 
any street loads occurring between the two support- 
ing frames. The lateral pressure of the pavement, 
tending to straighten the gaps between the two single 
awe is sufficiently provided for by the angular fish 
plates. 

The second rail of the track has only a subordinate 
importance, as no conduit extends beneath it. It can 
be, therefore, carried out on apy system, such as the 
Phenix rail, as Vignoles rail without furrow, event- 
ually even as a simple flat rail. In Budapest, for this 
second rail, the double tram rail of Haarmann has 
been used. Its two single rails are held together by 
bolts, and the two double rails of the line are con- 
nected together at intervals by track rods, as shown. 

In the inner flanges of the iron frames, box-shaped 
insulators are inserted, carrying the electric conduct- 
ors inside the conduit. The conductors consist of 
angular iron bars, which have, at a sufficient conduc- 
tivity, the requisite strength to resist the wearing away 
cau by the friction of sliding contacts. The two 
conductors. one of which serves as lead and the other 
as return, lie perfectly protected beneath the rails, so 
that from without they can be neither seen nor 
touched. The conductors are situated so high above 
the bottom of the conduit that the surface water col- 
lecting in the conduit can flow away beneath the con- 
ductors without coming into contact with them. Shaft 
drains, to admit the surface water, are arranged at in- 
tervals close to the conduit, The water, after being 


separated from any possible slime, flows out of these 


* Translated from Hlektrotechnische Zeitschrift — Electrical Engineer. 
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shafts into street drain. The bottom of the tramway 
conduit being only 70cm. beneath the upper surface 
of the pavement, an injury to town drains and 
conduits is entirely excluded. On the other hand, a 
considerable advantage could be obtained over the 
ordinary tramway by employing a flat rail, as in this 
ease, for each track there would be only a single fur- 
row on the street surface 

The electric car differs from the common horse tram- 
ears only by the absence of the shafts, etc., instead of 


which it has at each of the two front sides a buffer | 


that serves at need to couple several cars to a train. 

Beneath the car, between the two axles, is placed 
the electromotor. The revolutions of its armature are 
transmitted by means of a chain gearing to one axle 
of the car, which thus becomes the driving axle. The 
fleld magnets are made, as in the older construction 
of Siemens machines, of flat iron bars, the considera- 
tions of a better use of material having been subordi- 
nated to the tendency of reducing the weight of the 
machine as much as possible. 

The speed is regulated by four grou of resistances 
placed beneath the car platform. he switching in 
and out of these resistances is effected by means of a 
cylinder shaped switching apparatus, which is situated 
ina case beneath the driver's seat, and which can be 
actuated from each end by means of a switch crank 
there placed. The switch crank allows the switching 
out and stopping of the motor as well as the reversing 
of its rotation. 

This arrangement provides a very safe management 
of the car, which is one great advantage of electric 
over horee and steam traction. In case of danger the 
driver is enabled, by a simple rotation of the switch 
erank, to reverse the novement of the motor, and, in 
connection with the operation of the brake, to bring 
about an almost instantaneous stoppage of the car. 
Among other advantages of the electric system may 
be mentioned the need of a very much smaller depot. 
In comparison with horse tramears the electric car is 
shorter by the length of the team. In the same way an 
electric car is much smaller than a steaw car of equal 
available seating space. 

The current is led to the car wotor by means of a 
sliding contact arm ruuning between the two angle 
iron conductors and carried forward by the moving 
ear. The working pressure is 300 volts. Several cars 
can be run contemporaneously on the same track. 

At Budapest there are at present in operation three 
lines with underground current conduction, namely, 
(1) the Stationsgasse line since the 30th July, 1889; (2) 
the Podmaniczkygasse line since the 10th of September, 
1889; and (8) the great Ringstrasse line since the 6th 
of March, 1890. Besides these, there are (4) the 
Friedhof line in course of construction, for which 
electric propulsion by means of overhead conductors 
is in view; (5) the Konigsgasse line already conceded; 
and (6) the Quay line in course of negotiation. 

The central station for furnishing the necessary 
working current is situated at 22 Hartnergasse. There 
are at present in use four steam boilers, each having 
100 sq. m. (120 square yards) heating surface, three 
steam engines, each of 100 h.p., and three dynamos. The 
steam boilers are of tubular type, the steam engines 
are horizontal compound condensing engines, each of 
which drives a dynamo by means of rope gearing. The 
¢ ynamos are connected to the collecting bars of the 
switchboard, from which the current is separately con- 
veyed to the single railway lines by means of iron- 
sheathed patent lead-covered cables laid underground. 
There are three such feed conductor pairs, one of 
which leads to the crossing of the Podmaniczkygasse 
with the Ringstrasse, another to the crossing of the 
Stationsgasse with the Ringstrasse, and the third to 
the Ringstrasse corner of the Dohanygasse. The feed 
conductors terminate in junction boxes placed at the 
three points mentioned, from which, by means of short 
conductors, the different rail lines are separately sup- 
plied with current. 

For sheltering and supervision of cars there are erected 
service stations at the end points of the two radial lines. 
The car sheds are provided with two turnstiles, con- 
nected by rails withthe Podmaniczkygasse line. The 
car shed is also in connection by means of the turn- 
table with a repairing shed for four cars, which con- 
tains the necessary machine tools for smaller repairs. 
These machines are operated by an electromotor fed 
from the tramway mains. 

The rolling stock includes at present 50 electric cars 
and eight spare cars. The working speed has been 
fixed by thie city authorities as follows : The maximum 
speed is 15 kilometers(9°32 miles) per hour. In theouter 
Podmaniczkygasse it, may be raised up to 18 kilome- 
ters (11°18 miles). On the other hand, in some of the 
narrower streets where there is much traffic, the speed 
is to be lowered to 10 kilometers (6°21 miles), and at 
crossings of main intercourse streets to 6 kilometers 
miles). 


EDMUND BECQUEREL. 


It would be impossible to retrace the so well em- 
ployed existence of Alexander Kdmund Becquerel, or 
to make a summary of his long and illustrious career, 
without going back to his eminent father. Antony 
Cesar Becquerel, who may be considered as the foun- 
der of « scientific dynasty, since, among our most 
distinguished physicists, we still enumerate Mr. Henry 
Becquerel, the son of him whom death has recently 
taken away from his labors. 

Physics has the Becquerels, as the natural sciences 
have the Jussieus and the Milne-Edwards—splendid 
examples of heredity in these privileged families, in 
which the qualities of intelligence are verified from 
father to son by the love of work and truth. 

Edmund Beequerel, who was born at Paris on the 
24th of March, 1820, was the second son of Antony 
Cesar Becquerel, the immortal creator of electro- 
chemistry, who, after leaving the Polytechnic School, 
in 1808, and after having as an officer of government 
engineers passed through the Spanish war and the 
French campaign of 1814, was elected member of the 
Academy of Sciences on the 20th of April, 1829. 
in his early childhood, received a 
most careful scientific education. He was admitted to 
the Normal School in 1837, and to the Polytechnic 
School in 1838. Inthe same year the young and studi- 
ous pupil became assistant in the course on applied 
physics, of which he who was both his father and his 
master was professor at the Paris Museum of Natural 
History. 

It will suffice to enumerate the successive titles that 
Beequerel obtained in order to give an idea of his as- 
siduity and his perseverance. In 1840 he was made 
doctor of scieuces, and was soon conducting the course 
of physics, as an assistant, at the Faculty of Paris 
(1844). In 1850 he obtained, in a competition, the chair 
of ne and meteorology at the Agronowic Institute 
of Versailles. After the suppression of this establish- 


ment, in 1852, he was appointed on the 30th of Decem- 
ber of the same year professor of applied physics at 
the Conservatory of Arts and Trades. On the 18th of 


EDMUND BECQUEREL. 


May, 1863, he was elected a member of the Academy of 
Sciences in the section of physics. Since 1838, the in- 
defatigable worker had been continuously publishing 
numerous mewoirs in the Comptes Rendus of the 
Academy of Sciences, the Annals of Chemistry and 
Physics, the Bibliotheque Universelle, of Geneva, the 
Annals of the Agronowic Institute, the Annals of the 
Museum, and the Annals of the Conservatory of Arts 
and Trades. 

These mewoirs, very elaborate and often of a capi- 
tal importance, relate to electricity, magnetism, optics 
and meteorology. 


Among Edmund uerel’s researches upon elec- 
tricity must be cited in the foremost rank those that 
he wade upon the laws of the electro-chemical de- 
composition of bodies, upon the disengagement of 


In consequence of this greater working speed against heat as a consequence of the passage of electricity in 
that of horse tramways, the utilization of the rolling | cireuits, upon the disengagement of electricity through 


stock is also very favorable. Each car performs, at 16 
hours’ day service, 120 to 130, and even up to 150 car 
kilometers (respectively, 75 to 81, up to 93 car miles). 
In a technical respect, also, the Budapest railway has 
proved a perfect success. All arrangements, and par- 
ticularly the neat underground arrangements, have 

roved excellent, and the Budapest railway may thus 
| atone a@ precedent for many other electric tramway 
plants in towns baving wuch traffic. 

The results of the working brought together in the 
following table are considered as exceedingly satis- 
factory : 


TOTAL TRAFFIC RETURNS FOR ALL THREE LINES 
SINCE THE OPENING TO THE END OF DECEMBER, 


1890. 
Lines in Service, | SGE® | | 
a? ° | = 
114,838 91,051 110,156 316,005 
Car kilometers ........ 318,678 888,687 
Passengers carried... .. 1,684,220 914,431 2,325,379 4,924,090 
Passengers per car kilo- 


mechanical, physical, and chemical actions, and upon 
the properties of electrified bodies. 
Between 1849 and 1855, our learned physicist made a 
rticular study of the action of magnetism upon all 
inds of bodies. He showed the action of the sur- 
rounding media in order to explain the diamagnetism 
of solids, liquids and gases. He discovered that oxygen 
was magnetic, and, with respect to other gases, was as 
iron is to the other metals. The observation of this 


| fact, which is of great interest, led him to demonstrate 
|the intervention of the atmosphere in terrestrial mag- 
| netism. 

Becquerel’s optical researches concerned the consti- 
tution of the solar spectrum and the chemieal action of 
light. The able experimenter found that certain rays 
act only after a beginning of impression under other 
rays. e studied the development of the electricity 
due to chemical action, and was led to construct the 
electro-chemical actinometer, which acts in the same 
manner for light as does the thermo-electric battery 
for heat. 

In 1848 uerel discovered a chemically sensitive 
substance of which much has been said in recent times 
apropos of Mr. Lippmann’s experiments—the sub- 
chloride of silver, which preserves the impression of 
colored rays, and which has permitted for the first time 
of fixing the solar spectrum with all its colors through 

hotography. The images slowly alter in the light, 
but are preserved indefinitely in the dark. 

ln several mewoirs Becquerel studies the luminous 


effects that result from the influence of light upon 
bodies, and in virtue of which such bodies have the 
property of becoming sources of light. His labors upon 
phosphorescent substances will remain among the 
most remarkable of our time. One of the most accu- 
rate of observers, our learned physicist constructed the 
phosphoroscope, which permits of weasuring the dura- 
tion of phosphorescence, This instrument has per- 
mitted of dealing in optics with questions analogous to 
those that in heat regulate cooling and the quantities of 
heat emitted or absorbed by substances. he spectral 
study of the light emitted by phosphorescence has led 
to a new spectral analysis, giving the most unexpected 
and important results without destroying the sub- 
stances submitted to experiment. 

In addition to the scientific memoirs of which we 
here enumerate only the wost important, Becquerel 
wrote numerous works. We shall especially mention 
the one that be published under the title of * Light, 
its Causes and Effects ” (2 vols.. 8vo), and those that 
he elaborated conjointly with his father: ‘* Treatise 
on Terrestrial Physics and Meteorology ” (1 vol., 1847), 
“Treatise on Electricity and Magnetism ™ (2 vols., 1855, 
1856), ‘‘ Epitome of the History of Electricity and Mag- 
netism ”’ (1 vol., 1858). 

A very wethodical professor, Edmund Becquerel ren- 
dered the most important services to the science of 
teaching. His courses at the Museum of Natural His- 
tory and at the Conservatory of Arts and Trades con- 
tributed to the instruction of several generations of 
workers. A painstaking operator and a very precise 
lecturer, he was enabled to hold the attention of his 
audience and captivate it by the brilliancy of his ex- 
periments. As a wan, Becquerel showed uncommon 
courtesy and affability to everybody. He had to the 
highest degree a respect for truth and family worship. 

In the train of so laborious a career, and of a life of 
work so brilliant by the importance of bis researches 
and discoveries, Becquerel was appointed in succession 
a member of the Institute, a professor at the Conserva- 
tory of Arts and Trades, a member of the Central So- 
ciety of Agriculture of France, honorary president of 
the Society of Encouragement, a member of the Royal 
Academy of London, and commander of the Legion of 
Honor. He certainly well merited all these honors, 
but he was enabled to conquer through his elevated 
character and the exaltedness of his sentiments what is 
worth still more than rewards, and that is the esteem 
| and affection of his contemporaries. On the day of his 
| obsequies, sincere tears were seen to moisten the eyes 
¥ the members of his family and of his friends.—La 

ature. 


AN ENLARGED WATERWAY BETWEEN THE 
GREAT LAKES AND THE ATLANTIC SEA- 
BOARD.* 


By E. L. CorTHELL, Member Western Society of 
Engiueers, 


THE object of the paper is to state and discuss the 
question of the practicability of making an enlarged 
waterway from the Northwest to the Atlantic seaboard 
and Europe. An enlarged waterway having reference 
to the great lakes is one adapted adequately to the 
largest freight carriers of the lakes. The capacity of 
these freight carriers is assumed to be not less than 
8,000 tons of cargo, and whose displacement weight 
shall not be, when laden, less than 5,000 net tons with 
a draught of 20 ft. All canals and channels, and pro- 
jects for the same, that are evidently not equal to these 
requirements are immediately eliminated from the dis- 
cussion. 

The history of railroads, barge canals, and ship canals, 
and of unrestricted waterways, teaches that none 
but channels of the largest dimensions can com- 
pete with the economy, speed, and other numerous ad- 
vantages of rail transportation, particularly in the 
United States and Canada. 

For nearly thirty years, almost from the inception of 
the development of the West, efforts have been continu- 
ally made by commercial men to bring the project of 
an enlarged waterway to a realization, but thus far 
without success. 

As long ago as 1865 an able advocate of this water- 
way enlargement asked the question, in a public docu- 
ment, ‘‘ Why should the lake cities with their wealth 
and resources not import for themselves and transact 
their own busipvess? The ocean is the prerogative of 


no State of the Union, and the West will seek the chan- 
a which conducts its commerce with the least cost and 
elay. 

If there was force in this remark in 1865, there cer- 
| tainly is a greater force at the present time. If there 
had been one country only between Chicago and the 
seaboard along the natural lines of the waterway lead- 
ingfrom the great lakes, there would have been built, 
no doubt, years ago adequate chanvels following the 
course of the St. Lawrence River. 

Between Chicago, Milwaukee, Duluth, and other 

ports of the more western Jakes and Liverpool there 
are over 4,000 miles of water navigation, 71 of which 
only are restricted by obstacles in the channels. There- 
fore the object of this paper is to ascertain if these 
natural obstacles can be removed, and whether steam- 
ships ou the great lakes may not be able to ply be- 
| tween these ports and the ports of the Old World. 
The scope of a paper discussing subjects of this im- 
portance and extent is a broad one. he entire situa- 
tion must be canvassed and other than engineering 
features must be brought into the discussion. We are 
led at once into an important comwercial investigation. 
The important relations which the railroad system of 
the country bears to this question wust be carefully 
considered. The subject is therefore discussed on the 
following lines : 

1. Its historical features showing the development of 
commerce and the increase in capacity of the channel 
ways demanded by this commerce. 

2. The physical conditions of the present and pro- 

routes. 

3. A brief statement of the financial and political 
questions involved. 

4. The commercial features and results. 

As a matter of general interest and introductory of 
the details of the subject, the recent geological changes 
that have taken place in the drainage of the North 
American continent are briefly sketched, and there is 


* Abstract of a paper read before the Canadian Society of Civil Engiu- 
cers, Feb, 12, 1801, by Mr, Corthell, also a mewber of that society, 


| 


SS SS \ } 
WS * ‘ > S \S 
ASS 
| 
| 
| 


Jury 4, 1891. 


SCIENTIFIC AMERICAN SUPPLEMENT, 


No. 809. 


12925 


also given an historical sketch as well as an engineer- 
ing statement of the combined waterway and sewage 
channel now being constructed by the city of Chicago 
between Lake Michigan and the Lilinois River. The 
effect of this channel (depleting the lake of quite a 
large volume of water) upon the levelsof the lakes is 
diseussed as being a question of some international im- 
portance. The result of the discussion is that we can 
dismiss any fears that now exist in regard to the dele- 
terious effects of this channel way upon the harbors 
and the connecting waterways of the lakes. 

The vast water spaces of the great lakes, their 
length, breadth, and depth, are briefly described and 
the main facts stated. 

The historical features of the various canals and 
channels now existing are stated. 


ST. MARY’S FALLS CANAL BETWEEN LAKES SUPERIOR 
AND HURON. 

This canal was opened in 1835, with two locks 220 ft. 
long and 70 ft. wide, 12 ft. deep. These dimensions 
have been increased from time totime. The lock now 
being built by the U. 8. government is 800 ft. long 
100 ft. wide, with 21 ft. of water on the miter sills, an 
at a cost of nearly $5,000,000. 


ST. CLAIR RIVER IMPROVEMENTS. 

The St. Clair River improvements between Lake 
Huron and Lake St. Clair show also an increasing depth 
and width of channel. This work has also been done 
by the U. S. government. In 1866 it was made 13 ft. 
deep, 300 ft. wide and protected by timber dikes, The 
project under way contemplates a depth of 20 ft. The 
Lime Kilu Crossing at the mouth of the Detroit River 
has much the same history as to its increased size. The 
— has been increased from 944 ft. in 1858 to 20 ft. 
in 1890. 

WELLAND CANAL. 


A brief history of the Welland Canalis given. The 
first project was that of 1824 for building a canal and 
railroad combined, the work having been begun at that 
time with wooden locks 110 ft. long, 22 ft. wide, and 8 ft. 
deep. Water was let into the canal in 1829 and two 
vessels went throughin that year. The dimensions of 
this canal have never kept pace with the size of vessels 
navigating the lakes. The present locks are 270 ft. 
long, 46 ft. wide, with 14 ft. depth of water. Up to 
the present time or to 1889 there has been expended on 
this work according to official reports, $23,787,950.30. 


TRENT RIVER NAVIGATION. 

The Trent River navigation, which is brought into 
the paper for the reason that it is navigated, though 
by an inferior class of navigation, consists of a series of 
canals with intermediate stretches of rivers and lakes 
with a depth of 5 ft. or 6 ft. It extends from Trenton, 
at the mouth of the Trent River,on Lake Ontario, to 
Lake Huron. The entire length of the route is 201 
miles. Its total lockage 1,044 ft. It isatonce apparent 
that it would be impracticable to improve this circuit- 
ous route over an undulating country so as to make of 
it a ship canal of adequate dimensions. 


THE ST. LAWRENCE RIVER IMPROVEMENTS. 

' One of the most important improvements in the line 
of what is certain to become an enlarged waterway be- 
tween the lakes and the seaboard is the deepening of 
the shallow reaches of the St. Lawrence River between 
Lake Ontario and its mouth. From Montreal to the 
sea, a depth of 27 ft. to 30 ft., and of sufficient width, 
has been obtained by dredging through the shallows 
which here and there interrupted the greater depths 
of the river. But the most serious obstacles in the St. 
Lawrence are above Montreal, where frequently the 
river flows over a rocky bed in the shape of rapids. 
These rapids have been flanked by canals. They are 
the Beauharnois, Cornwall, Farran’s Point, Rapide 
Plat, and Galop. Their combined length is 4314 miles. 
The original depths designed by these canals when 
they were inaugurated in 1841 was 9 ft., but this depth 
has never been maintained, on account of the fluctua- 
tionsin the river. At times it fallsto6ft.7in. In 1871 
on account of the increasing size of vessels, barges, and 
boats, it was decided by the government to make a 
navigable depth of 12 ft. through all the canals and the 
river shallows, and soon after that a 14 ft. depth was 
decided upon. 

Work since that time has been carried on with this 
object in view, the standard dimensions of the locks 
being, length 270 ft., width 45 ft., and a clear depth of 
14 ft. on the miter sills. This work has not been, as yet, 
completed, but, for the purposes of this paper, the 
work is assumed to be entirely performed. It may be 
stated in round numbers that the entire amount ex- 
pended on the St. Lawrence system, from Lake Erie to 
Montreal, is about million dollars and that to finish 
the work now in hand it will cost about 12% millions 
more, or say $54,000,000 in all. This does not include 
the construction of a canal at the St. Mary’s Falls be- 
tween Superior and Huron and some other necessary 
improvements. It may therefore be stated that in ob- 
taining, between Lake Superior and Montreal, a full 
depth of 14 ft., it will have cost, all told, about 

60,000,000. 
ERIE AND OSWEGO CANALS. 


Between Buffalo and Oswego and the Hudson River 
at Albany there exists one of the most important means 
of transportation, so far as the past history of trane- 
portation in this country is concerned. This is the 
Erie and Oswego canals. On the Erie Canal there are 
71 locks, 7 ft. deep, 110 ft. long, 18 ft. wide, with a total 
lockage of 657 ft. The Oswego Canal is 38 miles in 
length and has 18 locks. The entire expenditure on 
these canals up to 1886 had been $133,000,000, expended 
by the State of New York. 


LAKE CHAMPLAIN AND HUDSON RIVER. 

Another route which has been of service as a barge 
canal extends from the St. Lawrence River, 46 miles 
below Montreal, up the Richelieu River to Lake Cham- 
plain and thence up Lake Champlain and from this 
lake to the Hudson River. Eighty-one miles of this 
canal isin Canada. The total distance is 265 wiles, 7 
miles of which is by the Erie Canal. The canal is gen- 
erally of very moderate proportions, being about 36 ft. 
wide at the bottom, with 7 ft. of water on the sills. 


RAILROADS. 


One of the most importaut factors in transportation 
during the last half century has been the railroad, 


This method has become so nearly perfect and the cost 
of transportation by it so greatly reduced that it is 
able not only to compete successfully with barge 
canals, but in many cases with transportation on 
large rivers. In various parts of the United States the 
successfal competition of the railroad with the canals 
has led to the abandonment of the latter, and where 
the canal does exist it is generally maintained by tax- 
ing the public at large for its expenses. No one wishes 
to depreciate the immense value which this former 
means of transportation has been to the country, but 
we are compelled to state that a better method has 
come to supersede it, and that the —_ ible means 
of competing with this better meth fs to make one 
better still. 

An idea of the immense business performed by the 
railroads and of their extraordinary growth will appear 
from the following facts : 

In the year 1840 there were in the country tributary 
to the great lakes only 89 miles of railroad. In 1850, 
1,276 miles; in 1860, 10,238; in 1880, 37,456; in 1889, 
68,688, and in that year these railroads moved over 
208,000,000 tons of freight. These railroads are in the 
United States. There are over 8,000 miles more in 
Canada. The railroads with their advanced methods 
and improved facilities for transportation have built 
up great centers of population and trade, which lie di- 
rectly along what may be made a continuous and ade- 
quate waterway to the seaboard. 

The immense railroad business transacted at Chicago, 
one of the ports on the great lakes, will be seen from 
the following : 


Length of main lines of railroad 


terminating at this city is....... 54,411 miles. 
The number of freight cars received 
and forwarded in 1889 .......... 4,248,769 
The number of tons of freight re- 
ceived and forwarded.......... - 48,018,444 
HARBORS. 


In reference to the harbors of the lakes, the United 
States government has expended large sums of money 
in deepening, improving and protecting them, and has 
begun a system of improvements of equal capacity to 
the channels between the lakes. Its og) oe is 
to improve these harbors to a depth of 20 ft. The aver- 
age depth at present in the harbors of the larger ports 
is 16 ft. 

The most important historical feature of the subject 
is the growth of commerce on the lakes. 

1st. In respect to the size of vessels. 

2d. The tonnage carried. 

In 1859, 36 of the largest lake propellers averaged 
about 700 tons register, ranging from 583 tons to 981, 
with a maximum draught, when fally laden, of 114 ft. 
The history of the increase in size of vessels is a most 
interesting one, but the limits of the paper do not per- 
mit of this history being traced. But it may be stated 
in 1890 the business fleet of the lakes consisted of 2,055 
vessels, aggregating 826,360 net register tons, the total 
value being $58,125,500; 232 of these vessels are steamers 
of over 1,000 tons register, 110 of them are over 1,500 
tons, and many of them are from 1,600 to over 2,100 
tons, and with a carrying capacity of from 3,000 to 
8,700 cargo tons. The draught of these vessels is 
limited by the depths of the channels and harbors, but 
many of them could safely and profitably load to 19 or 
20 ft. The recent growth of lake commerce is extraor- 
dinary, and it is difficult to predict the amount of ton- 
nage upon the lakes and the size of the vessels before 
the end of the presentdecade. In 1886 the total valua- 
tion of the vessels was about $30,500,000. In 1890, as 


has been stated, over $58,000,000, and the number of | #8 


steamers in the same time of over 1,500 net register 
tons has increased from 21 to 110. ~ 

At the St. Mary’s Falls Canal, where careful records 
are kept by the government officials, the increase of 
commerce is clearly noted. In 1870 the entire amount 
passing through this canal was 690,826 register tons. In 
1880, 1,734,800. In 1883, 2,042,259. Im 1887, 4,897,598. 
Iu 1890, 8,454,435, and the actual weight of cargo car- 
ried in that year was 9,041,213 net tons. The value of 
the tonnage has increased from about $29,000,000 in 
1881 to over $102,000,000 in 1890. The amount of com- 
merce ou the great lakes will very favorably compare 
with the foreign and coastwise commerce of the United 
States. The tonnage through the St. Mary’s Falls 
Canal is greater than that through the Suez Canal. 

While the lake business has thus rapidly increased, 
the waterways east of Lake Erie have hardly main- 
tained their former traffic. This is true of the Erie 
Canal, the Welland Canal and the St. Lawrence River 
eanals. No doubt the principal reason for this de- 
cline, as it really is, in the business of these artificial 
waterways is their inadequacy for the business that 
would otherwise come to them. For instance the 
Welland Canal has 14 ft. depth of water. According to 
the United States Bureau of Navigation, report 1889, 
there were 330 United States vessels in the great lakes 
above Niagara Falls which drew too much water, when 
laden, to go through this canal. Eighty-six of these 
were sailing vessels and 244 steam vessels, with a total 
tonnage of 444,192, about one-half of the entire lake 
tonnage. Of those that passed through this canal in 
the year 1889 most were United States vessels, and they 
were obliged to reduce their cargoesin order to pass 
through, from a total tonnage 71,502 to 63,283 tons. 

Improved methods of transportation by rail, increase 
in the size of Jake vessels and their cargoes and, prin- 
cipally, the rapid growth of steam transportation on 
the lakes and rival competition between various lines 
of lake vessels and the railroads, have compelled con- 
tinual reductions in the cost of transportation. The 
records of the business through the St. Mary’s Falls 
Canal show that the cost per ton per mile of carrying 
freight an average distance of about 800 wiles in 1887 
was 2°3 mills, and in 1889, 1°5 mills. Careful calcula- 
tions made by Mr. Charles H Keep, Secretary of the 
Lake Carriers’ Association, given in a paper 
to the United States Congress, Dec. 5, 1890, show that 
the value of all the cargoes carried on the lakes the last 
season was over $305,000,000, the average distance of car- 
riage being 566 miles, or a total of about 1544 billion ton 
miles. If this had been carried at railroad rates the 
cost to the public would have been over $143,000,000, 
but by the prevailing lake rates the cost was only 
about $23,000,000, so that water transportation on the 


lakes in one year saved to the public nearly $120,000,000. 
Much of the heavy freight has been carried 


for con- 


siderably less than 144 mills per ton milé. Anthracite 
coal is carried from Buffalo to Duluth, a distance of 
1,000 miles, for 30 cents per ton, or % will per ton wile. 
The lake rates from Chicago to Buffalo on wheat have 
been reduced from 11 cents per bushel in 1861 to 2% 
cents in 1890. The large steamers with barges in tow 
can transport grain at 2 cents between Chicago and 
Buffalo, with a profit. 

The increase in population of the lake cities indicates 
the great increase there must necessarily be in the 
business of the lakes and also of the railroads tributary 
tothem. The city of Buffalo has increased from about 
42,000 in 1850 to 155,000 in 1890. Cleveland, Ohio, from 
17,000 in 1860 to 262,000 in 1890. Chicago from 30,000 in 
1850 to about 1,100,000 in 1890. 

The preceding commercial statements covering nearly 
three pages of the proof of the detailed paper are so 
important that the abridgment of them seriously de- 
tracts from their effect. They have been compiled from 
a large amount of detailed information placed in the 
author’s hands through the kindness of the officials of 
the United States and Canadian governments and by 
officers of transportation lines and secretaries of boards 
of trade of the lake cities. The one subject of the 
growth of the commerce of the great lakes, with the 
accompanying reduction in freight rates and a descrip- 
tion of the methods of transportation, both by water 
and rail, would of itself form a wost interesting and 
important paper. 

ith these facts before us it is necessary to take up 
the physical conditions now existing of the various pres- 
ent and projected routes to the seaboard and ascertain 
if it is practicable to develop within a reasonable cost 
such a commercial route as the commerce of the great 
lakes requires. 

St. Mary’s Falls Canal with its lock, now being built 
by the United Statee government, is the only artificial 
work on the great lakes that is fully equal to the re- 
quirements of commerce. The lock now being built 
by the Canadian government is to be limited to 18 ft., 
which the author does not consider as sufficient to 
meet the increasing size of vessels. 


OTTAWA SHIP CANAL BETWEEN GEORGIAN BAY AND 
MONTREAL. 


In reference to projected routes, the first in order is 
that of the Ottawa Ship Canal between Georgian Bay 
and Montreal, which has been under discussion by the 
Canadian government since 1858, when the well known 
civil eugineer, Mr. Walter Shanly, made an examina- 
tion and report. Two years afterward a second report 
on this project was made by Mr. T. C. Clarke, civil 
engineer. Mr. Shanly’s project contemplated locks 
250 ft. long, 50 ft. wide and 10 ft. deep. is estimate 
for the entire work was $24,000,000, the total length be- 
ing 430 miles and a total lockage of 698 ft. Mr. Clarke’s 
estimate for a 12ft. depth on the miter sills, with locks 
250 ft. long, 45 ft. wide, was $12,057,680. Mr. Shanly 
estimated that the difference between a 10 ft. and a 
12 ft. canal would not be less than $5,000,000, so that on 
the same basis of depth his canal in cost compares 
with that of Mr. Clarke’s as $29,000,000 to $12,000,000. 
However, the projects were on an eotirely different 
basis, Mr. Shanly preferring to cut canals at the sides of 
rapids, but Mr. Clarke preferring to raise the levels of 
rivers and avoid the rock cuttings. 

On the plan of an enlarged waterway proposed by 
the author, with locks 600 ft. long, 85 ft. wide, and 20 
ft. —— with a depth of canal prism of 22 ft., and with 
a width of canal in short sections of 150 ft., and in long 
sections of 200 ft., and with 24 ft. depth in the river 
and in water reaches, the cost would be about 


A ship railway has been ng se on this route. In 
the opinion of the author the course of the river is too 
tortuous and the cost of removing natural obstructions 
too great to give this alternative project serious con- 
sideration. 


GEORGIAN BAY AND TORONTO SHIP CANAL, OR ITS 
ALTERNATIVE, THE HURON-ONTARIO SHIP RAILWAY. 


Next in order is the Georgian Bay and Toronto Ship 
Canal, or its alternative, the Huron-Ontario Ship 
Railway, between the same points, 

In 1846 aship canal project was brought forward by 
Mr. Kivas Tully, civil engineer, of Toronto. In 1851 
and 1855 further examinations were made under the 
auspices of the of Trade of Toronto, and at a 
convention of delegates from Western cities the route 
was favorably considered. Col. R. B. Mason, of 
Chicago, was employed as consulting engineer. He 
madean examination of the route in 1855. The esti- 
mate for the canal was $22,170,150. Its length was 100 
miles, with 50 locks, with 12 ft. on the witer sills. Very 
serious difficulties in the way of excavation were found 
at the summit level, where there was for ten miles con- 
tinuous cutting with an average depth of 90 ft. and a 
maximum depth of nearly 200 ft. A company was in- 
corporated for carrying out the project in 1865. Its 
charter was amended under the name of the Huron 
and Ontario Ship Canal Company. The project, how- 
ever, was never brought to the int of actual work. 

In 1881 Mr. James B. Eads, at that time engaged on 
the project of a ship railway across the American 
isthmus, was requested by several Toronto gentlemen 
to give an opinion as to the feasibility of building a 
ship railway between Georgian Bay and Lake Ontario. 
His opinion, given after a careful study of the subject, 
was that it was not only practicable, but that the route 
furnished one of the most favorable locations for such 
construction. The length of the ship railway route is 
66 miles. Mr. Eads’ plan was to build three railway 
tracks of standard gauge, the rails 110 lb. per lineal 
yard, and the capacity of the railway was for vessels of 
2,000 tons displacement weight and 14 ft. draught. The 
estimated cost was $12.000,000. The author was at that 
time associated with Mr. Eads and familiar with the 
plans and estimates. In order to present the subject 
now in connection with other projects for an enlarged 
waterway, he considered it of sufficient importance to 
re-examine the subject and to have a personal examina- 
tion made of the country by one of his associates, Mr. 
A. F. Robinson, member of the Western Society of 
Engineers. The plans and estimates have been re- 
formed on the basis of a ship railway of larger capac- 
ity than that contemplated by Mr. Eads, that is, for 
vessels fora displacement weight of 5,000 tons with a 
draught of 20 ft.,the railway to be capable of trans- 
porting during the navigation season 8,000,000 tons of 
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traffic. The summit to be surmounted is 670 [t. above 
the mean level of Lake Ontaric. ‘The waximum gradi- 
ent is 33 ft. per wile, though over the larger part of the 
route the grades will run 11 ft. to 14 ft. permile. The 
cost of the railway fully equipped for the kind and 
awount of traffic contented is $15,459,318.09. In 
the opinion of the author this route and this method of 
transportation is far superior both in its first cost and 
in the cost of transportation to the Ottawa Ship Canal, 
previously described. The differences and the advan- 


tages and disadvantages in comparing the two routes | 


are given at some length in the paper submitted to the 
Canadian Society. 


WELLAND CANAL. 


To increase the capacity of the Welland Canal to 
meet the requirements of the proposed enlarged water- 
way and enlarge and deepen the present locks and the 
prism of the canal would cost about $25,000,000, 


NIAGARA FALLS SHIP CANAL 


It has been proposed by the United States govern- 
ment to build a ship canal at Niagara Falls on the 
United States side of the river. In 1867, by authority 
of Congress, an examination was made for this canal, 
contemplating a depth of 14 ft., with locks 275 ft. x 
46 ft. Six routes were examined, In 1888 funds were 
appropriated by Congress for a second examination 
for a canal with a capacity of 20 ft. The data from 
the previous surveys were used in waking the plans. 
The dimensions were to be, locks 400 ft. long, 80 ft. 
wide, with a depth of 21 ft. The canal was 25 miles 
in length, with 18 locks, at an estimated cost of 
$23,617,900. A revision of this estimate on the basis of 
larger locks and a larger canal prism (the project con- 
templating only 100 ft. width) and an increase in the 
price of rnck excavation, which the author considers 
advisable, makes the total cost about $35,000,000, 


NIAGARA FALLS SHIP RAILWAY. 


As an alternative to the ship canal, estimates have 
been made for a ship railway on another route, the 
length of which is 1844 miles. This would require a 
maximum grade of 50 ft. 434 miles in length. On the 
same basis as the plans of the Huron-Ontario Ship 
Railway and of the same capacity and for the same 
annual amount of traffic the cost is $10,731,613.71, with 
a full equipment. 


MICHIGAN PENINSILA SHIP CANAL AND SHIP 
RAILWAY. 


It has been proposed to build a ship canal of the 
standard dimensions above given across the Michigan 
Peninsula from Benton Harbor, on Lake Michigan, to 
near Munroe, near Lake Erie, a distance of about 160 
miles. It would require 65 iocks and the crossing of 19 
railroads. The estimate is $138,405,432. A ship rail- 
way across the penineuia on a somewhat different loca- 
tion will cost about $39,000,000. The height to be 
surmounted is 475 ft. 

Still another route might be considered both for a 
ship railway and a ship eanal, and that is by way of 
Grand River at Grand Haven, on Lake Michigan, 
through, or near, the city of Grand Rapids, Michigan, 
to the head waters of the drainage of the Saginaw 
Bay in Lake Huron. The author has not the data for 
a careful estimate, but is informed that a depth of 18 
ft. or 20 ft. can be dredged eastward from Grand Ha- 
ven and westward from Saginaw Bay, leaving an inter- 
mediate stretch of about 80 miles where a ship canal or 
ship railway could be built. The location and direc- 
tion of this route is such that it would take commerce 
alimust in a direct line from Chicago to Georgian Bay 
and thence by the Huron-Ontario Ship Railway into 
Lake Ontario. No estimate has been made of the cost 
either of a ship canal or ship railway by this route. 


LAKE CHAMPLAIN ROUTE BY WAY OF THE CAUGHNA- 
WAGA RIVER. 


The Lake Champlain route from the St. Lawrence 
River to the Hudson River has been considered. The 
estimates made at various times by different engineers, 
both Canadian and United States, for a 12 ft. naviga- 
tion averages about $20,000,000 from the St. Lawrence 
River to Albany. To build this waterway on the plan 
of the proposed enlarged waterway with locks of stand- 
ard dimensions, and to deepen the Hudson River from 
Albany to Hudson City and Lake Champlain, as well 
over long, shallow reaches where there is pow sufficient 
depth of water for 12 ft., but not for 20 ft., would cost 
not far from $50,000,000. For the waterway desired, 
this project is not considered practicable. 


ERIE CANAL AND OSWEGO CANAL ENLARGEMENTS. 


To enlarge the Erie Canal, and in this case enlarge- 
ment means an ample enlargement of the canal prism 
for a long distance, that is between Buffalo and Alba- 
ny, the cost would probably exceed $250,000,000, and 
were itever completed there would still be nothing 
but a continuous canal where the speed of the ves-els 
would be restricted. The same objections exist in re- 
gard to the Oswego Canal enlargement. There has 
been suggested a ship railway instead of either of the 
canals. The author considers this impracticable, not 
only on account of its great cost, but on account also 
of the natural and artificial obstacles that at points 
would prevent its construction. The Mohawk Valley 
is now entirely occupied by two railroads (six main 
tracks), the Erie Canal. the Mohawk River, at times a 
turbulent stream, overflowing its banks, and an almost 
continuous line of cities and towns. These natural 
and artificial conditions are hemmed in on either side 
by steep and rugged bluffs of hard rock. 


ST. LAWRENCE RIVER KNLARGEMENTS. 


The St. Lawrence River enlargements require care- 
ful consideration, for the reason that they form the 
most available natural route for an enlarged water- 
way. either to receive the traffic over the Huron-Onta- 
rio Ship Railway. or the ship canals, or the ship rail- 
ways at Niagara Falls and across the Michigan Penin- 
sula. The Canadian government has furnished the 
author, by the hands of the chief engineer of canals 
and from the department of public works, mach valu- 
able information. The estimate is based on these data 
and from the plan of the enlarged waterway and the 
standard dimensions used in other estimates in this 


paper. The total cost of giving the full depth every- 
where from Lake Ontario to Montreal, assuming that 
the present canals have been deepened to 14 ft., is 
$27,000,000. 


COMPARISON OF COMMERCIAL CONDITIONS. 


A statement of the commercial conditions of the 
proposed routes is necessary in order to take a com- 
parison between them. These conditions have an im- 
portant bearing on the general question of location 
and advantages, and are therefore stated in full in 
the body of the paper. The “sailing distances ” are 
steamer distances, and are compiled from many records, 
a selection being made from the most reliable. The 
time per hour forming a basis for the total time on 
each route is open to amendment, being in some re- 
spects a matter of opinion, but formed from much 
study of the subject and from definite records of speed 
under practical and similar conditions. 

The cost of transit is made up from the actual aver- 
age cost on lines now operated on railroads, lake, and 
ocean and barge and ship canals. As to the speed, 
time and cost on a ship railway, while there is no actu- 
al transportation of this kind in existence, yet the re- 
sulisof ten years of careful study of the subject on the 
two principal ship railway projects of the world—the 
Tehuantepec and Chignecto—are used in this state- 
ment. Though made from different conditions and by 
persons working independently, the results closely 
agree and may be considered the consensus of the best 
thought on the subject. The figures, however, await 
the actual test of practice soon to be applied at the 
Chignecto Isthmus. 


TABLE OF SAILING DISTANCES. 


Statate miles. 
New York to Liverpool........ 
Boston to Liverpool........... ce 
Baltimore to Liverpool, 3,891 
Montreal to Liverpool. 3,225 


The all rail distance from Chicago to New York is 
913 miles via Pennsylvania Railroad, 949 miles via 
Nickel Plate and West Shore. Chicago to Montreal via 
Grand Trunk Railway, 837 miles. 


SAILING DISTANCES BY VARIOUS ROUTES. 


Miles. 
1. Huron-Ontario Ship Railway....... 1;001°00 
2. Ottawa Navigation...... 978°76 

3. Lakes, Welland Canal & St. Law- 

4. Mich. Pen. Ship Ry. & Welland 
842°25 

5. Mich. Pen. Ship Ry. & Niagara Ship 

6. Mich. Pen. Ship Ry. & Niagara Falls 


RATE OF SPEED (STEAMERS). 


Rate of speed on the ocean and lakes, 1 miles per 
hour. 

Rate of speed of ship railways and rivers, 10 miles per 
hour. 

Rate from Montreal to Quebec, 10 miles per hour. 

Rate on the canals, 7 miles per hour. 

Rate on Welland and Niagara Falls canals, 4 miles 
per hour. 

Lockage and ship railway lifts and deflection tables, 
30 minutes each. 


RECAPITULATION—CHICAGO TO MONTREAL. 


Hours, 

1. Via Lakes, Huron-Ontario Ship Ry. 
and St. Lawrence River........... 93°14 
2. Via Ottawa Navigation........... 
3. Via Lakes, Welland Canal and 8t. 
Lawrence 


and Niagara Falls Canal, ete...... 107°04 
5. Mich. Ship Ry., Lakes & Niagara Falis 
6. Mich. Ship Ry., Lakes, Niagara Falls 
Ship Canal, etc.............. 98°30 
It is necessary to give the following notes for the 
purpose of ascertaining the correct basis of the cost 


per ton per mile. On this basis the tables which fol- 
low have been prepared. 


ACTUAL RAIL RATES. 


From many detalls furnished in the paper a rate of 
one-half cent per ton per mile is assumed as the railroad 
rate over all lines. The rates over the different por- 
tions of the water route with the connecting ship rail- 
ways made to cover cost of operation and 6 per cent. 
interest on the cost, are as follows: , 


TABLE OF COST PER TON MILE, 


Mil's 
ton mile, 
Rate over Huron-Ontario Ship Ry ....... 3:45 
“ “Niagara Falls Ship Ry.......... 
** over Mich. Pen. Ship Canal......... . 3 
$t. Lawrence Canals..... 
“ “Niagara Falls Ship Canal....... 12°5 
10 


Au iwportant condition of the water route which 
should not be overlooked is the loss in time during the 
year on account of ice. After comparing many records 
showing the time of closing and opening of various 
routes and harbors, the table prepared by Mr. L. E. 
Cooley, president Western Society of Engineers, ap- 
peared to be the most reliable, and was therefore used 
in the description. The data appear under the proper 
head in the following table, which is the most import- 
ant tabulated statement in the paper, as it contains 
the result of all of the calculations relating to length, 
time, cost, and number of days of open navigation on 


each route. 


CHICAGO TO LIVERPOUL. 
No, days 
h Timein Cost route is 


Len 
No. Description of Routes, mi hours, per ton. open. 


1. Huron-Ontario Ship Ry., 
Lakes and St. Lawrence 


4,22600 13°47 $3.48 
2. Lakes and Ottawa Navi- 

gation....... sks 4,203°76 32650 4.59 
3. Lakes, Welland Canal and 


St. Lawrence River.... 4488°00 34691 3.97 
4. Mich. Pen. Ship Ry., 
Lakes, Welland Canal, 
5. Mich. Pen. Ship Ry., 
Lakes, Niag. Falls Ship 
Ry. & St. Lawrence.... 4,066°00 311°00 3.53 
6. Mich. Pen. Ship Ry., 
Lakes, Niag. Falls Ship 


067°25 32737 3.66 


8 EEE 


Canal & St. Lawrence. . 4,066°00 318°72 3.70 
7. All rail to Montreal...... 4,062°00 328 33 6.26 
8. All rail to New York..... 4,353 °00 33733 6.74 


The route and plan recommended by the author is 
as follows: Via Straits of Mackinaw (or if found to be 
practicable and economical, the route should cross the 
Michigan Peninsula by way of Saginaw Bay, either by 
ship canal or by ship railway) thence by way of Geor- 
giao Bay to Lake Ontario by the Huron-Ontario Ship 
Railway, the St. Lawrence canals and the river, the 
United States government to build the ship railway or 
ship canal, across Lake Michigan ; a private company 
under the auspices of the Canadian government, and 
by a guarantee of interest by that government, to build 
and operate the Huron-Ontario Ship Railway; the 
Canadian government to complete the St. Lawrence 
improvements to the required dimensions and then to 
remove all tolls from the canals. The cost of carrying 
aton of freight from Chicago to Liverpool by this 
route as compared with the all rail route via New York 
will be $3.26 per ton as against $6.74. Thus the saving 
in one year on the estimated traffic of 8,000,000 tons 
would be more than the entire estimated cost of pre- 
paring the enlarged waterway from the foot of Lake 
Ontario to the sea. 

The competition in English and other importing 
markets of Europe between the wheat of the North- 
west, the Pacific coast, India, Russia and the Argen- 
tine is so close that a substantial advantage in cost of 
transportation like the above to both Canadian and 
United States cereal producers will at once work a 
revolution in trade, and lead to an important develop- 
ment of agricultural products and to a material pros- 
perity over 450,000 square miles, comprising the basin 
of the great lakes. This prosperity will extend to 
the lands outside and remote from the lakes, but capa- 
ble of reaching its seaports (as the great cities of the 
lakes will be) by rail or water routes. 


SHIP RAILWAYS. 


From along and careful study, in his professional 
work, of ship railways, the author has without any 
hesitation placed them on an equality as transportation 
methods with the ship canal. In fact, he considers 
the ship railway in many respects superior : 

ist. In that the cost of construction is generally 
about one-half that of the ship canal to handle the 
same class of vessels and an equal amount of traffic. 

2d. The cost of operation and maintenance is less. 

3d. The rate of speed is greater and the detention en 
route is less on account of the absence of locks, 

These features have been discussed so fully in pub- 
lished pevare during the iast ten years in connection 
with t Tehuantepec and Chignecto ship railways 
that it is not considered necessary in this commercial 
paper to go into the detailed proofs of the statement 
above given. 

The Mexican government, the Dowinion govern- 
ment and the United States government have each in 
turn officially, after long discussions and careful exawi- 
nations and reports, approved of ship railways, and 
the leading vessel constructors, owners and navigators 
in England, at least, are in entire accord with the pro- 
position. As an instance of the readiness of our own 
ship builders to agree to the proposition of a ship rail- 
way, it may be stated that only two or three months 
ago Mr. W. I. Babcock, manager of the Chicago Ship 
Building Company, engaged in building large steel ves- 
sels at this city, in «a written communication stated 
that he believed it to be entirely feasible to transport 
vessels of the maximum size built by his company 
(namely, 400 ft. long, 50 ft. beam and of any depth) over 
the proposed railway between Georgian Bay and To- 
ronto. As to the reduction in cost of transportation 
by ship railway, it may be stated that this method is 
the logical result of the increasing size of railroad 
equipment, both motive power and freight cars. The 
former have increased from 30 tons to 100 tons and the 
latter from 10 ton cars to 30, and the transportation 
rates have been reduced from 2} cents to 44 cent per 
ton mile. 

If the immense business between the St. Lawrence 
and the coast of New Brunswick and New England can 
save 700 miles by operating a railway 17 miles long 
across the Chignecto Isthmus, why should it continue 
to take this long and dangerous voyage around Nova 
Scotia? If engineering skill can provide lifts and a 
railway and motive power that can haul vessels weigh- 
ing 2.000 to 2,500 tons, as already arranged for at Chig- 
necto, who will say that it cannot design, construct 
and successfully operate a raiiway that will handle 
vessels weighing 5,000 tons? Necessity knows no law, 
and this applies to commerce as well as to other things, 
and the demands of this commerce and of a great peo- 
ple, seeking the markets of the world by the least ex- 
pensive route, will be satisfied with nothing less than 
the most approved and economical methods which it 
is in the power of man to provide. 

The question now arises, How can the desired and 
best route be provided? Will the mutual interests of 
two great countries between which the St. Lawrence 
River is the dividing line, in part, and through one of 
which, having passed an arbitrary line, it finds its way 
to the sea, bearing the commerce with it, be willing to 
unite to construct the ship canals and ship railways 
necessary to remove the obstructions to navigation ? 
Will the great Northwest, both of the United States 
and Canada, with its millions of people, its rapidly 
growing cities, centers already of finance and com- 
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merce, with the constantly increasing business of the 
great lakes—a common heritage of both nations and 
free to both and God-given—will these two nations, 
with so much in common, permit longer arbitrary na- 
tional boundary lines to remain a barrier to the com- 
meree of both? Shall cities like Chicago, Milwaukee, 
Duluth, Buffalo, Cleveland and Toronto be longer 
compelled to send their exports to Europe and receive 
their imports by expensive channels, when they can 
load them for Liverpool or Havre at their own wharves, 
and receive their imports directly at those wharves 
from the ports of the Old Worle ? 

If the routes recommended by the author from the 
great lakes to the seaboard are enlarged and made ade- 
quate for the character and extent of the commercial 
business now waiting for them, the ports and cities on 
the great lakes will then have an advantage which 
they can obtain in no other way. The St. Lawrence 
route will give to the agricultural producers and to 
manufacturers, to importers and merchants, and 
through them tothe entire country tributary to the 
great lakes a direct advantage. Direct trade with Eu- 
rope should be the demand of the Northwest and of 
all the country tributary to the great lakes. There 
can be easily estimated a direct pecuniary advantage 
of not less than $200,000,000 per annuin. 

The proposed route lies partly in one country and 
partly in another. The important question to con- 
sider is, whether artificial boundary lines running 
athwart a natural waterway shall be permitted longer 
to restrict our commerce, to hamper and delay it and 
to divert it into unnatural and artificial channels. As 
civil engineers we ought to promote in all possible 
ways the development of this commercial route and 
lend our good offices to the patriotic efforts made in 

th countries to improve the commercial conditions 
of each and of what is really after all a common coun- 
try. 


By BENEZETTE WILLIAMS. 


In complying with Mr. Cortheil’s request that I dis- 
cuss his paper, ‘‘An Enlarged Waterway between the 
Great Lakes and the Atlantic Seaboard,” I wish to dis- 
own any intention of entering into the merits of the 
various routes proposed, from an engineering point of 
view. This could only be done intelligently after ap 
exhaustive study of the detail surveys and other mat- 
ters pertaining to such routes, which lack of time and 
lack of data have not permitted. The most that I can 
hope to do is to make a few suggestions which readily 
occur to one not well informed on either the engineer- 
ing or commercial phases of the question. In all mat- 
ters involving engineering problems I siiall rely upon 
our author, than in whom none can place reliance 
more safely. 

The paper having been prepared for the Canadian 
Society of Civil Engineers, the author is doubtless ex- 
cusable if it should develop in the course of the discus- 
sion that he lost himself for a time, and temporarily 
appeared in the role of a loyal Canadian, upon whom 
the doctrines of reciprocity have not had their perfect 
work. With the patriotic influences from this side of 
the lakes surrounding him to-night, we may reason- 
ably hope to see him recover his equilibrium, and view 
the great problem which he has so at heart from the 
standpoint of a statesman who would break down all 
commercial barriers and consult the interests of all the 
cities‘upon the great chain of lakes without reference 
to the allegiance which they acknowledge. 

The selection of the Georgian Bay and Toronto 
route to Lake Ontario would leave the cities on Lake 
Erie and the Detroit River dependent on the Welland 
Canal, with its narrow locks and 14 feet of water, for 
access to}the ocean. Buffalo, Cleveland, Toledo, and 
Detroit, with an aggregate population of 804,324, with 
their immense commercial and transportation inter- 
ests, to say nothiug of cities of less importance, can- 
not be ignored when it comes to settling upon a deep 
water route to the seaboard. 

The sailing distance from Chicago to Montreal via 
the lakes, Niagara Falls and St. Lawrence River, as 
given by the author, is 1,263 miles. A ship railway 
from Georgian Bay to Toronto on Lake Ontario will 
shorten this distance 262 miles, and reduce the time 
from 109°74 hours to 93°14 hours, a total reduction in 
time of 16°60 hours. On the other hand the cost of the 
Georgian Bay and Ontario Ship Railway is given at 
$15,459, 318.09, while the cost of a ship railway around 
Niagara Falls is given at $10,731,613 71, a saving of 
$4,727,704.38 in favor of the Falls route. 

The cost of transportation per ton via the Niagara 
Falls Ship Railway, as nearly as I can make out on the 
basis given by the author, will be 44 cents more than 
via the Georgian Bay Ship Railway, making the total 
cost per ton to Liverpool $3.92 instead of $3.48. 

The correctness of this comparison, however, is de- 
pendent upon the cost per ton assumed by the author 
for the various portions of the route. 

Without undertaking to enter, in much detail, into 
the cost of transportation by various means, it would 
be interesting to hear what the author has to say with 
reference to a few points which render it difficult for 
= = accept the basis of cost given by him in its en- 

irety. 

He gives a table of rates per ton mile for various 
parts of the route, and various means of transporta- 
tion, another one of the total cost per ton, and the 
time, between Chicago and Liverpool. The time and 
cost in the latter table, as I understand it, is for craft 
which will pass through channels having 20 feet mini- 
mum depth of water, loaded in Chicago and mak- 
ing the trip to Liverpool without breaking bulk, 
and with the same crew all the way from Chicago to 
Liverpool. 

This being the case, it is hard to understand why the 
cost per ton mile should be 114 mills on the lakes and 
only 44 mill on the ocean, particularly as the speed 
given for the lakes and ocean is the same—15 miles 
per hour. 

Also, while assuming the St. Lawrence Ship Canals 
to be free, in the completed scheme, he takes the rate 
for passage through them as if they are to pay an in- 
terest on their cost in tolls, and inadvertently uses this 
in determining the total cost of carrying freight to 
Liverpool. This of course does not affect the compara- 
tive cost by the different routes that use the St. Law- 
rence, but it does those that do not. 

In this table of rates there is a rather curious anom- 
aly noticeable in the comparative cost of carrying 


broke over the same routes by ship railways and by 
canals, 

For instanee, the rate over the Michigan Pensinsula 
Ship Railway is 34 mills, and over the Huron-Ontario 
Ship Railway 3:4 mills per ton mile; while over the 
Michigan Peninsula Ship Canal it is 8 mills per ton 
mile. Over the Niagara Falls Ship Railway it is 7 
mills, while over the Niagara Falls Ship Canal it is 
124¢ wills per ton mile. The length of the former is 
181g miles, while the length of the latter is 25 miles. 
Taking the length into consideration,the cost of trans- 
porting a ton of merchandise from Lake Erie to Lake 
Huron around the Falls over the two proposed routes 
would be by ship railway 13 cents and by ship canal 31 
cents; a marked difference, which to one unacquainted 
with the proposed method of operating ship railways 
seems almost incredible. 

The freight rate as given by the author from Chica- 
xo to the seaboard over different lines of railroads is 5 
mills per ton mile, which when compared with the cost 
yiven for transportation by ship canals, shows that 
transportation over ehip canals 20 feet deep costs from 
40 to 150 per cent. more than by existing lines of rail- 
roads. 

I believe it is an established fact that the rate per 
ton mile on the New York Central and Hudson River 
Railway, from Buffalo to New York City, is as low as 
upon any road in the United States. Running almost 
parallel with this road, throughout the whole distance 
to the Hadson River, is the New York and Erie Canal, 
with 6561¢ feet of lockage, and but 7 feet depth of 
water. But notwithstanding the inadequacy of the 
size of this canal, and the very small boats which can 
navigate it as compared with those adapted to navigate 
a 20 foot channel—a ratio at least as great as 1 to 10— 
it carries 5,000,000 tons of freight between Buffalo and 
New York every year, at a cost not exceeding 3 mills 
per ton mile. 

I know that the answer to this is that the railroads 
pay an interest on their cost and operating: expenses, 
while canals are generally free. To this we may reply 
that railroads have been improved and double-tracked, 
sometimes twice over, and their rolling stock has been 
improved to that extent that in the State of New York 
the rate for freight per ton mile has decreased frow 
2°79 cents in 1855 to 14 cent in 1890. 

It should be remembered that railroads have been 
in the hands of active and agressive men, servants of 
the great corporations, while the canals have generally 
beenin the hands of State legislators, who have toa 
large extent been also servants of the same corpora- 
tions. The difference is immense. 

Still another anowaly confronts us in the author's 
table of rates, in that the cost per ton mile by ordinary 
rail transportation is 5 mills, while that by the propos- 
ed ship railways is 34 and 35 mills, a difference of 30 
per cent. in favor of the ship railway. This would 
tend to show that railways are operated on a wrong 
system, and that economy in rail transportation lies in 
hauling ships instead of cars across the country. 

While by the foregoing comparison of rates 1 am led 
to believe that Mr. Corthell has unconsciously fallen 
into an undetected fallacy in the cost of carrying 
freight by ship railways and ship canals, we will for 
the present waive this point, and merely correct his 
table of rates so far as it relates to lake and river car- 
riage. 

As before pointed out, there is no reason on a through 
trip with ships of heavy tonuage, why the rate per ton 
mile on the lakes should be greater than on the ocean. 
In the following tables I have taken the luke rate at 4¢ 
mill—the same as for the ocean—and the river rate at 
34 mill. Aside from the inconsistency of using a different 
rate on the lakes from that used on the ocean, «ctual 
experience shows that 14 will per ton mile is sufficient 
for through traffic. 

Freight is being carried between Chicago and Buffalo, 
including terminal delays, for about } mill per ton 
mile. Allowing forthe terminal delays, 44 mill is found 
to be ample for through lake traffic. For rivers I use 
34 mill as being the proper rate, based upon the rela- 
tive speed given by the author on river and lakes, viz., 
10 miles and 15 miles per hour respectively. 


CHICAGO TO MONTREAL VIA LAKES AND NIAGARA 
FALLS SHIP RAILWAY ROUTE—TIME, 109 74 HOURS. 


Ra 
Kind of Navigation, * | Distance, “atl. “lrotal Cost, 
Miuis, 
St. Clair River..... .....| 41 0°038 
Detroit River............ 27 0 023 
Niagara Falls Ship Rail- 
181g 7 0°130 
St. Lawrence Canals.....| 43% 7 0°305 
St. Lawrence River...... 1614 % 0°121 
_ Total to Montreal....) 1263 1°103 
Montreal fo Liverpool. 
St. Lawrence River and 
Total Chicago to Liv- 


Il. 


CHICAGO TO MONTREAL VIA GEORGIAN BAY AND 
TORONTO ROUTE—TIME, 93°14 HOURS. 


Ra 
Kind of Navigation, Total Cost. 
— Mills. 
Huron-Ontario Ship Rail- 

St. Lawrence Canals..... 431g 7 0° 305 
St. Lawrence River...... 1614 0-121 

Total to Montreal ...| 1001 | 1°016 
Montreal to Liverpool. 
St. Lawrence River and 
Ocean........ 3225 
Total Chicago to Liv- 


III. 


CHICAGO TO MONTREAL VIA MICHIGAN PENINSULA 
SHIP RAILWAY AND NIAGARA FALLS ROUTE— 
TIME, 90°67 HOURS. : 


r ton 
Kind of Navigation. lle Total Cost, 

| 9 0 $0°230 
Michigan Peninsula Ship, 

Niagara Falls Ship Rail | 

| 18°5 7 0°130 
St. Lawrence Canals.... 433 7 0°305 
St. Lawrence River...... 161°5 % 0°121 


Total to Montreal...) 841 . 1341 


Montreal to Liverpool 
St. Lawrence River and 


Total Chicago to Liv- 
4066 2° 9538 


The tables show the cost of carrying freight per ton 
from Chicago to Montreal and thence to Liverpool, 
without breaking bulk, on the revised basis as given 
above, over three of the routes given by Mr. Corthell, 
viz. : 

1. Via lakes, Niagara Falls ship railway, and St. 
Lawrence River and canals. 

2. Via Lakes Huron, Ontario or Georgian Bay ship 
railway, St. Lawrence River, and canals. 

3. Via Lakes, Mich. Peninsula ship railway, Niagara 
Falls ship railway, St. Lawrence River, and canals. 

The above tables show that, granting all that the 
anthor claims as to the efficiency and cheapness of 
ship railways as freight carriers, the route via the 
Huron-Ontario ship railway has but nine cents per ton 
advantage over the lakes and Niagara Falls route, and 
that the Michigan Peninsula ship railway line is at 24 
cents per ton disadvantage compared with the sawe 
route. 

In view of these facts, and of what seems to me the 
political and commercial necessity that a deep water 
route to the seaboard shonid follow the line of the 
large commercial cities, and should be such as to serve 
every one alike; and that by the author’s estimates the 
first cost of the route via Niagara Falls is $4,727,704.38 
less than via Georgian Bay and Toronto, it seems that 
the latter route should be finally eliminated from the 

roblem. The same may be said, still more certain- 

y, of the proposed Michigan Peninsula ship railway 
or ship canal. 

This conclusion is made still more emphatic by the 
fact that by far the greater tonnage which will be car- 
rie.l on such a route is Jocal and not transatlantic, being 
traffic between upper and lower lake ports. The few 
hours difference in time which is shown to exist—viz., 
16°6 hours—is insignificant when compared to the great 
cou'mercial and political advantages in following the 
chain of lakes and rivers which nature has marked ont. 
In such a case a few hours more or less is immaterial 
except as it may affect the through cost of transporta- 
tion. This, as shown by the author, amounts to 44 
cents per ton between Chicago and Montreal. But by 
taking the author’s rea! basis, corrected in its applica- 
tion, as heretofore shown, the difference of cost is but 
9 cents per ton A slight increase in the cost of car- 
riage by ship raliways will show that the Niagara Falls 
route is waterially cheaper. That such an increase 
should be made, I believe, will become apparent on 
further consideration of the problem of moving vessels 
in the manner proposed. 

In the discussion thus far I have assumed that Mr. 
Corthell’s conclusions concerning the feasibility of ship 
railways are, in the main, correct, aud that there are 
cases where they may become a valuable adjunct to 
water transportation. But in the course of his argu- 
ments to establish their value as the carrier of ship 
and freight, as compared with canals, there must lurk 
a subtle fallacy, or else past #«xperience in the opera- 
tion of railroads and canals is misleading. One of the 
fallacies which the author falls into may perhaps con- 
sist in the assumption that it will take no more time 
for a ship to be placed on the gridiron, or cradle, ad- 
justed properly and hauled out of the water, ready for 
movement over the main track, than it takes to pass 
through a single lock on a properly constructed canal. 
Another one may be in assuming that the movement 
over the railway will be more expeditious thaa through 
acanal. If, in accordance with the author’s assump- 
tion, 8,000,000 tons of freight will pass over the route 
during a season of navigation, there will, in all proba- 
bility, be days when one vessel an hour and perhaps 
nore would pass over the track. This will necessitate 
frequent siding, and consequently serious delays be- 
cause of them, or will render a double railway necessa- 
ry. With aship canal of pas width there would be 
one continuous siding so that meeting vessels can pass 
freely at any point. Hence, it does not seem probable 
that the movement of vessels over a ship railway can 
be made more expeditiously than through acanal. It 
should be borne in mind that on such a route there 
will be not only the large ships of 2.000 to 3,000 tons 
burden, but there will be a multitude of small craft, 
each of which must be handled separately. 

The difficulty, and as seems probable the impossi- 
bility, of handling 8,000,000 tons of freight in a hetero- 
geneous lot of craft, such as navigate the lakes, in a 
season, over one line of road is, I believe, demonstrated 
by the Sault St. Marie Canal. At this canal upward 
of 9,000,000 tons was passed last year. The lock for the 
same is 515 feet long, 80 feet wide, with 17 feet of water 
on thie miter sill. In passing vessels it is usual to let in 
several ata time, and even then, as I am informed, 
great delays,occur not infrequently, and it is at times 
taxed to its full capacity. To meet the growing 
needs of commerce, as shown by the author, a new 
lock 800 feet long, 100 feet wide and 21 feet of water on 
the sill is being constructed. From such information 
as I can get on the subject, one line of ship railway 
could not possibly have handled the traffic of the Sault 


St. Marie Canal, presented as it is irregularly and spas- 
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COMPA 2 I CIAL POINT OF VIEW. object lesson which is being given at Chigneeto shall 
PARISON OF WATER SUPPLY SYSTEMS FROM A FINAN have been better iearned. ‘is to the 
THs was the title of a paper recently read before the American Society of Civil Engineers, New York, feasibility and expense of improving the St. Lawrence 
by J. Leland Fitzgerald, C.E., in which paper the accompanying table was give®- to a twenty OF twenty-five foot depth, let those spea 
— ite ae who have more Ine rial to work from han | bave. 
| This much, however, is clear ine, that if it were 
| 4 spend f one hundred two ban 
1 ; \g i3 willions of dollars to get wide channel twenty-five 
| | feet in depth from Dulath to the sea 
oF TOW no better outlay of this amount of money, from 
af as 3 commercial point of view, can be wade. If Mr. Cor- 
Tes ae §s thell’s par ris the instigating eause of & movement 
i sa Hs as | whieh paperately culminates In fruition, the 
3 ie ro whole country will owe him & debt of gratitude which 
oney cannot pay —Journal of the ssociated Engi- 
q 15 | 16 
BYSTEM.—PUMPING TO RESERVOIR. 
imore. MA. 490 000) 968 68 089 60} 34.000 6.6) 81.8 0.85 9.6 
Pittabergb, Pa | | 000 17490) 31.9 1.40 5.9 By WILLIAM Barnet LE VAN. 
Pa | 1800 000 | 0 ba high st ess hich boilers are w 
peed | ‘ 49-2 steam pr ure whic ers are 10 car- 
| 30 000 92 | rying renders it desirable that the utmost care shou 
Francisco 1888 | 280 000 260 26 008 19 11 9 4-0 0.38 4.0 be taken to unite the various pls of whieb they are 
| 000) 282 90.0 1.10" jn such manner at the joints shal not 
Milwaukee Wis | 185 000 us bu 072 gous, 6398 19.2 1.42 possess great strength when constructed, but also 
1880 | 100000 15 3 that they shall be but little influen y wear 
Jersey City | 155-000] 100 ¥16 936 16500) 0.47 tear. 
Richmond. ve. 1630 | 009 73.4, 89 12 139) A riveted joint is, in a certain sense, an imperfect 
Ky 1887 | | #11 2904) | 2-3 "18.3 0.54 18.0 rt of a structure. It cannot be desi as to be 
5 000 2490 19-4 2.68 strained uniformly throughout. It has always certain 
‘| | Soot | | surfaces materially weaker than the rest, at which, 
Lowell, Mase. 1872 | 7440 | 2181} \93.8 0.27 consequently, deterioration of waterial, or fracture, by 
Leavenworth 1% > 125) | the action of the load, is liable to occur. These sur. 
10 08 138 9 713 1-38 10 The joint, therefore, whieh will carry the greatest 
Lawrence, Mass 10} 453 92.7) \2-4 4.0 reaches the breaking limit for, each of those surfaces 
Hovoken, | 1888) +4 $358) 33) 94 simultaneously. ince the rivet section can ID gener 
Orieans, 33} 4400 100} 000) ios} 1.9 | be increased only at the expense of the plate section 
62 2379) 1 225) 20 | 28.3 in the strongest joint the rivet and plate will 
| 2\ | | would seen, erefore, tha e pro’ propo jons 
000 | 3 or respective areas of & riveted joint could be deter- 
Camden 90 1 130) 38 out the eed of expernments But that thisis not so is 
Salem, 28 000 3:3 | robably due mainly to @ second condition of imperfec- 
3000 a | | ion in riveted joints. To apply the ordinary rules for 
sary that the stribution e stresses OD e respec- 
161 20, 405) 2-6 6.6 If those stresses were as uniform! distributed as in 
1080 35| 6-2) 79 ordinary bar test for tension oF § earing, the prob- 
> laverag?| 2.30, 22-77 lem would be simple. ut, in fact, the stresses are less 
1882 Tyo 950 | 20467 485) 2.00 |the surface of fracture of a riveted joint, W en broken 
Kanes ity, go, 10000) 7470) 6.0 43.5 | 13.8 by aload, Is jess than it would be if the stress were UDI- 
bes, 95.000, (70-2) 319 30.8 | $3 formly distributed, and needs to be determined by 
1874 231) 2 000 906 43) 3.2 | | is here termed the apparent breaking stress. ence, 
| po | the chief object of experiment oP riveted joints is to 
46 000} | 728) “Sho 8-28 determine the parent preaking stresses 
Mic 33.000} 25.5 $32} 32} 40) 2208) 752, 5.0 1.25 (1) For the different surfaces at which each joint may 
Burlington, Im. 30 009) 198 a) 1 000) 143) 13.6 18-3 14 ‘a | fracture. 
$0000, 2-2 | ‘| 30:8 (2) For the different forms of joints. 
img 2000 49) 40 1 878 338 4.2 | 10.6 2.0 | 0.8 cases of may. made for 
yne, ; | ressive de erioration of & joint, by corrosion OF 
RY 1873] | 8) $1) 35 | otherwise, which reduces the strength in certain direc: 
Taunte 1876 98000, 54.6 2 392! 735 1.6 | 1.2 | .30 26.7 | tions more than in others. No experiments showing 
| > 29.211 5-98 g 9-6 amount deterioration in such cases appear 
#1995) 1 700 000 620 180 000} $10 970) “gi 10 110 000) 0.83 0.73! 11.8 ave been 
Now York, “| 160,000, 128 | 338) 38! 96 148) 1.9 1.93) _-92 t is well know? that the greatest strain upon plates 
Troy. 3 1908 60 000 = 4 = 1.8 | at of evlindrical boilers comes Upon the horizontal joints, 
40.000, 4 000) 3968) 8-1 68 “$$ 10| 10.9 the pressure nding to burst the shell in tne radial 
Hartford, Coon. 40 | 500. 2490) 5:3 4.8 10 | 10.9 The of the steam n the — 
Portland, Me : 9B the strain the transverse seams OF joints is 
063 300, 2990, 2 3 
Reading 58.9 \* 10} oints. Besides this, the h in some cases, ing 
Holyoke 000! 1 500 143 2 246) 5.7 1.06 79 dished are additionally strengthened (the extent of the 
Altoona, 30 000) 35.8 5272 178} 13, 0.2 0.61} | dishing being equal to & radius of the diameter of the 
boiler shell). and in the case of e ilers the 
| heads are strengthened by the flues and tee-iron (T) 
“ girders oD the flat surfaces above the fines connec 
‘ F : ; by rods generall attached to the center shell plate, 
modically. Then it should not be forgotten that if Liverpool, an other freight ports Can such vessels | but better still when stayed from h con- 
ample facilities were furnished, the tonnage to pass | be made of sufficiently great capacity to compete oD nected by turnbuckles, 60 it will be seen that the weak- 
over such & route as that to the seaboard is likely to the high-seas with ships engaged exclusively in the | est points are the jongitudinal seals. 
grow far beyond the limit of 8.000,000 tons per year. ocean carry!De trade? 10 do this it is to be presume In all boiler joints it is important that the rivet 
From the various considerations I am foreed to the | that such ships will have to be of, at east, an equal | holes in the various plates nd braces should coincide 
conclusion that it would be useless to start on & ship capacity to those nondescripts known as ocean tramps. rfectly with each other, and that they shoul 
railway enterprise on any portion of such a route wit These nestions open up & phase of the subject completely filled by the rivets. If they do not all cor- 
less than & double track all the way through This | which should have thorough consideration before sac respond ately, they should never be forced to do . 
would have the effect of increasing the eapital account | an enterprise a8 that pro ed is undertaken, a0 a| so by the use of adrift pin. Rivets should be placed 
from the first. by almost 100 per cent.. certainly by 38 depth should be fixed upon which will place lake ports | in those rivet holes which agree properly, and the re- 
much as 75 per. cent., which alone would increase the |on & r with those on the sea , so far as the hand- mainder should then be reamed ‘out until the holes 
rate per ton mile materially. and even then I believe | ling of freight is concerned, barring their extra dis- | coincide. 
be shown that such a railway would have less tance from foreign ports. The strong competition in boiler making, and the 
eapacity than a sbip canal. The figures showing the immense and rapid inerease | ruling low prices at which work is contracted for to be 
here are still other reasons for thinking that the | of ecommerce on the lakes, given b ‘orthell. are delivered, have caused great carelessness in this indus- 
cost of shipment via ship railways should be greater sufficient to convince the most skeptical of the folly of | tr In my experience 85 a boiler inspector, I have 
than given by the author, and that the comparison undertaking such ap enterprise on any other than the found boilers made by parties who stand igh in the 
with canals as shown in his table of rates is at fault. broadest lines. In such an undertaking depth should | trade in which the plates were not puvebed to proper- 
It has beeo found that the operating expenses 0 be sought rather thap direetness of course, and the|ly eoincide; 5° little 80, that they form eccentric 
railroads amount to about 66 per cent. of their total | ability to touch all important points rather than the | openings to receive the rivets, through wh eh a drift 
income, that is, two-thirds of the money collected for mere shortening of time by @ few hours. The service | pin d been driven to allow the rivet to enter. T 
carrying freight and passengers OD railroads goes for | to whieh such a waterway would be put is that of car- | use of the drift pin is @ relic of barbarism ; it not only 
operation and one-third to pay interest o0 invested | ry!ng freight, rather than passengers. o what you overstrains the boiler plate, but inelines hole so 
capital. f it be granted that it will take relatively will, passenger travel will always follow the line which | that the rivet will not be at right angles to the plate. 
amaller pro rtion of the tot al earnings to operate a | can be trave in the shortest time, without regard | The strepet such a rivet may be ly t y 
ship railway. it is still probably not out of place to as-|to cost What 15 needed is that ¢ ann which will | cent. of that of @ driven rivet in proper! pone 
sume that the cost of operation capitalized will. when | carry the grosser kinds of freight the cheapest without | plates. A drift pin be v When rivet 
the traffic is heavy, nearly if not quite equal the first | regard to & difference of a day or two in time. holes do not eoincide they should be reamed until they 
investment There is, f course. & possibility that| Tome it seems clear that we do not need to ge be- | do, and then rivets of proper size to fill them should 
there are cases, even when plenty of water is to had | yond the data established by Mr Corthell. with 8o| used. 
to feed a shi canal, that 4 ship railwa will prove the much work and painstaking, to establish the route via Cowwereially. boiler pla rilled of 
cheaper, including first eost and cost © operation, ap the lakes. Niagaré Falls, and the St. Lawrence River | punched with sufficient aceu 
auch a case may be the e from Lake Erie to as the proper one for an ‘enlarged waterway to the sea- | another, therefore, all rive 
Ontario around Niagara Falls board. On this route & twenty-foot depth already | (say) at least one-sixteenth of an i 
There is another matter of interest suggested by Mr. | obtains to the Falls, and a twenty-four foot depth can | than the rivet’s diameter afte 
Corthell’s paper, about which I have made some en- | doubtless be obtained at & cost whieh will be erate | all the plates are brought we 
vor to obtain information, but without success, | as comp to its importance: As to whether & ship | temporary bolts, the holes sho’ 
and that he capacity of ships whieh or a ship eanal should be around the 
be built, ace to navigate the lakes, canals 20 feet alls is a matter which can only be settled after & eare-| «+ paper read at a meeting of the Franklin 
jn depth, waa the ocean, plying between Chicago ful p on of plans and after the nal of the Institute, 
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rivet diameter by a fluted reamer—not the common 


half-round reamer in general use in a majority of boiler | hol 


sho With rivet holes properly spaced, punched or 
drilled, and reamed as described above, with the out- 
side and inside of the hole slightly countersunk by a 
die—not cut away—the value of the joint may be safe- 
ly trusted at sixty-five per cent. of the plate value for 
ngle and eighty per cent. for double riveted joints. 

The fact that the greatest strength of any structure is 
only equal to that of its weakest part is equally true 
of steam boilers. 

I will, therefore, give my practice in securing the 
strongest practical joint. The proper proportion of 
the seams of boiler shells to obtain the greatest strength 
is the aim of all engineers. > 

In the majority of boilers commercially made, the 
rivet section area exceeds that of the plate section area 
as much as forty per cent. This should not be so. 

It is well known that the majority of plates used for 
boilers is weakened by the amount of material punched 
out, and that that which is left after punching is very 
much deteriorated, around the holes, if inferior plates 
are used, by the strain to which the metal has been sub- 
jected, on account of the large clearance allowed by a 
majority of boiler makers between the diameter of the 
punch and that of the bolster or die. 

The effects of the strains to which plates are sub- 
ected, due to the large clearance allowed, as well as 
rom the use of inferior boiler plates, can be seen by 

examining any ordinary punched plate rivet hole. The 
‘material always has a peculiar granular appearance, 
showing that the fiber has been destroyed ; and by 
taking a piece of boiler plate which has been punched, 
planing it through the center of the punched holes 
and rivets, and then polishing the section and apply- 
ing dilute muriatic acid, the effect of the punch upon 
the fibers of the iron can distinctly be seen. 

In addition to holding boiler plates together, rivets 
have another function to perform, which is to keep the 
joints water and steam tight. To dothis they must be 
placed near enough to each wther to hold the plates 
together, thas preventing them from leaking between 
the rivets. If the rivets do not fill the holes, there is 
also danger oftheir leaking around the heads. Now,a 
badly fitted or crooked rivet, obviously, will not hold 
the plates together so well as one which is perfectly 
straight and fits the hole accurately. Any one who has 
ever observed two plates which have m punched 
rivet size (by this I mean the size the rivet becomes 
after being driven, the usual practice being to punch 
the holes one-sixteenth or 0°0625 of an inch greater in 


diameter than the diameter of the rivet to be used),. 


and placed together, knows it is impossible to make 
tbe holes correspond with any degree of accuracy, and 
that they must either be strained into position by 
driving a drift pin into the holes or else reamed out 
toget the rivet to enter. The manner in which rivets 
are practically fitted will be seen from the following, 
Figs. 1 and 2, made from pieces of old boilers, planed 
through the center line of the rivets. 


Fie. 1. 


From these sections impressions with ordinary print- 
er’s ink were transferred to blocks and engrav 
fore they may be relied upon as entirely: accurate. 
They are by no means examples of the worst specimens, 


as they were selected at random from old boilers. The 


engraver has endeavored to reproduce the appearance 


of the fiber of the iron caused by the punch passing 
It will be seen that the metal for a|? 


through it. 
space of from one to three sixteenths of an inch around 


the hole has been ‘‘ fatigued,” or strained, so that ap- 
parently little of its strength is left Of course, where 
iron is subjected to so great a strain. besides injuring 
its fiber, there is danger of cracking it and thus creat- 
ing a flaw. It will also be seen that the holes do not 
correspond with each other, and ‘hat, therefore, some 


of the rivets are crooked and some do not fill the 
es. 


It will also be seen by Figs. 1 and 2 that the rivets are 
fitted so badly into the holes that they would evident- 
ly resist very littie shearing strain, which must be 
taken by the adjoining rivets. It is true that when 
plates are held together there will be considerable 
friction between them, but this frivtion may not act 
simultaneously with the resistance to shearing, owing 
to irregularity of surfaces, so that the force acting 
upon the boiler plates might be resisted first by the 
rivets and then by the friction of the plates upon each 
other. The total strength of the plates is, of course, 
less, separately, than when taken together. Now, if 
the holes were fairand the rivets driven into the holes 
properly, the strain on the seam would be resisted 
equally by all of the rivets conjointly, instead of py a 
peeaas only, and also by the maximum friction of the 
plates. 

To get the best result, I have, in my praetiée, speci- 
fied in boiler contracts that all tivet holes shall be 
puoched the sige of the rivet to be used, and that when 
the plates are in their respective positions, held by 
temporary bolts, the holes shail be reamed one- 
sixteenth of an inch diameter with a fluted reamer, 
after which the inside and outside of shell plate shall | 
be countersunk by a steel die (not cut away bya sharp- 
edged tool). 

By the above process the annular ring around the 
rivet hole, due to detrusion of the punch, is removed, 
the metal which is left between the holes of the plate 
is uninjured, and consequently is much stronger than 
would be the case if the holes had been punched or 
drilled full rivet size. The countersinking of the rivet 
holes, as shown in Fig. 3, will be filled up by the rivets 


Fie. 38. 
and thus add materially to the strength of the latter 
at their weakest point. 

By punching the,holes of a smaller diameter than 
the driven rivet size, and afterward reaming the same 
in place, the minimum reduction in areaof the plate 
by punching will be attained, and consequently the 
maximum strength of the complete structure; and as 
the rivets will be much better fitted, they can be 
spaced farther -— thus leaving more metal in the | 
plates, while at the 


Y 


same time the latter will be held | 
equally well. 

ith the holes punched small and reamed to full | 
rivet size, they will always conform exactly with each | 
other, even with careless workmanship, so that the 
danger to which we are always liable with boilers 
whose rivet holes have been punched or drilled—that 


, there- 


| the fact that workmen could do good work if they 


of having undue strain fall upon some of the rivete— 
| will be obviated, and at the same time the metal left 
between the holes will have more strength than when 

unched or drilled in the usual way; the danger of 
eakage around the rivets will be obviated to a great 
extent, and, therefore, they can also be spaced farther 
apart. 
By increasing the diameter of the rivets, their trans- 
verse sectional area is increased much more rapidly 
than the longitudinal section of the holes they must 
fill, so that giving them sufficient strength does not in- | 
— taking away an equal sectional area of the 
plates. 

Besides the weakening of the plate by the strain to 
which it is subjected by careless punching, there is al- 


all the others should fit as shown in Fig. 6 (which 
probably frequently does occur), then the center rivet 
must bear all the strain until the others are drawn up 
of de bh circumsta 
ere w x cou under suc 
sheati 


be very great danger of ng off the rivet, or 
ctarting im the pheet, as indivated by the 
dotted line, a b, in 5. When onee started‘the con- 


Fra. 5. 


stant expansion and contraction from the strain in the 
boiler would, of course, have a tendency to increase it, 
until there would not be sufficient ree left to re- 
sist the steam pressure, and a ‘ inysterious ” (7) explo- 
sion would result. 

Therefore, I claim that 
are punched or driiled ful 
culty in getting the holes to correspond exact! 
‘other, and danger from bad workmanship 
exist. 

This and danger can be entirely overcome 
by using the t material and punching the rivet 
holes one-sixteenth of av inch less than fall rivet si 
with an excess of platé area over that of the rivet, ab 
when the pafts are in place, reaming the rivet holes to 
full rivet size ; those portions of the plate left between 
the holes will then be from ten to t per cent. 
stronger than the commercially made boilers at the 
present time. 

The additional cost of making boiler joints in the 
manner above described is insignificant as compared 
with the practice in vogue, and in view of the great 


so long as _ boiler plates 
rivet size there will be diffi- 
with 
will 


advantages gained. To illustrate, the additional cost. 
of an eighty horse power boiler constructed by one wo! 
our leading boiler wakers, ia the manner contended 
for, was only fifteen dollars. 


mK 


WK 


When we take into consideration the advantages 
gained by the buyer in having a better made structure, 
which will be capable of doing more work by the in- 
creased steam pressure at which it will be practicable 
to — it, the increase in cost will bea good invest- 
men 

_From the foregoing, it will be seen that a single 
riveted joint, made as described, will be twenty per 
cent, stronger than the ryteg | riveted plates having 
the rivet holes punched or drilled full rivet size. As 


ways a degree of uncertainty about the strength of 
seams if the plates are punched to full rivet size, which | 
| must be a fruitful cause of weakness and consequent | 
disaster. Every engineer, boiler maker, or person who | 
has made even the most casual observation in a boiler | 
shop, knows that as the holes are laid out and punched 

separately to full rivet size, they never correspond ex- 
actly, however great the care taken in spacing. Fre- 
quently they all come obliquely, and wust either be 
reamed out fora larger rivet, or else the plates are 
strained by driving in a drift pin to force them in posi- 
tion, in order to bring the holes near enough over each 
other to allow therivet to enter. That they do not fill 
the holes when the plates are in such a position is dis- 
tinetly shown if aseam be planed through the center 
line of the rivets, as shown in Figs. 1 and 2. 

Now, suppose that some of the holes in the two 
lates come in relation to each other, as they often do, 


in the manner represented in Fig. 4. In such an event 


WN 


Fie. 4. 


it will be almost impossible to make the rivets fill the 
holes unless the latter are reamed out much larger than 
the size they are punched. If this is donea larger sized 
rivet must be used, which can be made to fit accurate- 
ly, but entire dependence must be on the faith- 
fulness of the workman employed to do this—a reliance, 
the uncertainty of which only those who have had ex- 
perience know, and which, I regret to say, of late vears 
seews to be growing more and more insecure. Now, 


would, does not lessen the danger from this source. In 
making boilers with rivet holes punched to full rivet 
size there is always a risk of bad workmanship, and, 
what is worse, it is always out of sight and therefore 
undiscoverable. 

With boiler plates catelessly punched to full rivet 
size there is also danger that some of the rivets will be 
subjected to an undue strain. If, for example. we have 
three rivets, as shown in Fig 5, of which only the cen- 
ter holes correspond with each other, and consequent- 
ly are the only ones which are fitted accurately by a 
rivet, all the others will fill the holes probably some- 


has been shown, this difference in strength is attribut- 
able partly to the injury done to the plates by punch- 
ing and to the presence of the injured parts. When ~ 
the holes are punched of a smaller diameter than full 
rivet size, and afterward reamed to the latter dimen- 
sions, the reaming renioves all the portions injured by 
the punch. Furthermore, all the rivet holes coincide 
exactly with each other, and, therefore, the rivets will 
fit perfectly and will also be less likely to leak. For 
this reason the rivets can be spaced farther apart, and 
by increasing +heir diameter slightly, their sectional 
area will be sufficiently great to equal that of the 
plate metal left between the holes, as shown in Fig, ?, 
com of three-eighths inch plates. 

The objection raised, as before stated, to spacing the 
rivets, for three-eighths inch plates as shown in Fig. 4, 


+ 


Fie. 7. 


is that the seame are liable to leak between the rivet 
holes. In other words, the plates will not be held to- 
gether tight enough to prevent the foreing of steam 
and water between them. The greatest distance that 
rivets may be spaced apart without incurring danger 
of leakage between the plates must, however, be deter- 
mined more by practical than theoretical considera- 
tions. What I wish to make clear is that a boiler joint 
will be stronger if the diameter and distance apart of 
the rivets are increased in the proper proportion to 
each other. 

There is. however, a limit beyond which the diame- 
ter of rivets cannot be increased with advantage, be- 
cause if we increase their diameters, their sectional 
area to resist shearing is increased in proportion to the 


what as in Figs. land 2, oras shown in Fig.6. Now, 
if the middle rivet in Pig. 5 should fit accurately, while 


square of the diameter, whereas the section of metal 
in the plate to aie crushing is increased only as the 


distance between 
A given increase to the diameter of ibe Fivete Will | 


12939 : 
| 
SMH 
| ‘ A\\ » 
Us i} Y 
\ 
= 
| 4 
} 
= 
| 
| 
/ 
| | — 
Fie. 2. | 


12980 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 809. 


Juty 4, 1891. 


therefore increase their sectional area much more than 
the material of the plates will be cut away by enolarg- 
ing the rivet holes. 

Bhsin will be apparent if we compare a rivet one-half 
inch in diameter with one inch in diameter, The first 
hasa sectional area of 0'1968 square inch, the other 
0°7854 square inch, or four times that of the first one. 
Now the area which resists the crushing strain of the 
rivets is increased only in proportion to their diame- 
tera, or (wice as much for the one as for the other. If, 
therefore, we increase the diameters of the rivets, we 
very soon reach a point at which the plate has less 
strength to resist crushing than the rivet has to resist 
shearing. The diameter of a rivet which will give just 
the same resistance to both strains varies with the 
thickness of the plates. With three-eighths inch thick 
plates a seven-eighths inch diameter rivet will have a 
resistance to shearing of about 30,000 pounds, and the 
three-eighths inch plates in front of it a resistance to 
crushing also of about 30,000 pounds. A seven-eighths 
inch diameter rivet is, therefore, the largest sized iron 
rivet which can be used te advantage in three-eighths 
inch plates. 

If now we were to space such rivets so far apart that 
the metal left between the rivet holes would equal the 
area of the rivet in cross section, we would have a 
strength just equal to that of the rivet; we would have 
the strongest possible seam or joint that can be made 
with a single row of rivets. 

In plates three-eighthsinch thick and seven 
eighths inch diameter, rivets of the above value be- 
ing employed, the distance between the margins of 
the rivet holes would be one and three-fourths 
inches, or two and five-eighths inches from center to 
center of rivet holes. (See Fig. 7.) 

I have been explicit on this point, because the 
distance of the rivets apart has an important bear- 
ing where double-riveted joints are used. The advan- 
tages of double-riveted joints over single-riveted joints 
are that the strain is distributed among a greater 
number of rivets, and therefore the rivets may be 
smaller, and consequently less material cut out of the 
crosa section of the plates for the rivet holes, 

All engineers are aware of the great advantage gained 
in double-riveted joints by placing the rivet holes in 
two rows alternately to each other, or in spacing them 
“zigzag” or “staggered,” as shown in Fig. 8, which 
represents three-eighths inch thick plates, which is 
the thickness in most general use for steam boiler pur- 

ses. 

Pvt has been found in practice that for the greatest 
strength, the distance K between the center of rivet 
holes, .¢ e, Fig. 8, or in the direction of the joint, should 


Fra. 8. 


be double the distance 1¢ K between the center lines of 
rivet holes of the two rows, and the rivets will then 
form a right angle or 90° with one another. The dis- 
tance between the rivet holesin the direction of a c, 
or the joint, can be made fifty per cent. greater than 
between rivet holes in single-riveted joints. The diago- 
nal distance between centersof rivet holes should be 
wade equal to the distance in the direction of the joint 
in single riveting. 

In regard to spacing rivet holes zigzag, as shown in 
Fig. 9, it will be seen that the rivets in the respective 


. 
=> 


rows are much nearer together than those in the same 
row, but the sectional area plate in the line @ b ec d 
and eis over two square inches, whereas in the line 

g it is only one and nine-tenths square inches. 

herefore, although the rivets on the zigzag line are 
nearer together than those in the same row, yet the 
line a@b.c d and e presents more material to resist 
rupture. The strongest joint of this kind will be one 
in which the material between the rivet holes—say 
bd—in the same line is equal to two of the spaces, 
a band } ec, between the rivets in adjoining lirfes. Or, 
to express it algebraically, and supposing a to repre- 
sent the distance between the circumference of the 
rivet heles, 6 and d and m, and » equal to that be- 
tween @ and 0, and b and c, then we ought to have: 


In order to make the strongest double-riveted joint 
of this kind, we must, therefore, first determine upon 
the greatest distance which is admissible between the 
rivet holes in order to keep the boiler joint steam and 
water tight. Assuming this distance to be one and 
three-eighths inches, as shown in — ‘ig. 9, then the 
spaces between the rivet holes on the same line should 


be two and three-quarters inches. If the plates are 
punched less than full rivet size, and when in place 
reamed to full rivet diameter, the sectional area of the 
rivets should be equal to that of the plates between 
the rivet holes. (This is assuming that the tensile 
strength of plates and rivets are in equal value to each 
other, or nearly so.) As there are two rivets to resist 
the strain due to the space between the adjoining riv- 
ets, as b d, for example, therefore, the sectional area of 
each rivet should be just half that of the plate sec- 
tion between the rivet holes, 6 d. With a three- 
eighths inch thick plate this latter area would be one 
and three-hundredths square inches, the half of which 
would correspond very nearly with the area of a 
thirteen-sixteenths inch rivet. 

Having the distance between the rivet holes on the 
same line and the diameter of the rivets, it is, of 
course, easy to establish their pitch, which, in this 
case, would be three and nine-sixteenths inches from 
center to center, as represented in Fig. 10. 


It only now remains to establish the position of the 
rivet hole, c, in the adjoining line. This can easily be 
done by taking a radius, a e or 6 d, equal to one-half 
the distance between the centers of the rivet holes, a 
and b, and from them describing two ares, pe and 
pd. If, now, the rivet hole, c, be located so as to be 
tangent to these two ares, then the spaces between the 
rivet holes, ac and c b, will be just equal to that be- 
tween a and b. The plates will, therefore, have the 
sawe strength in the linea c bas inab. The center 
of the rivet hole, c, can be located, perhaps, more 
easily, by taking half the pitch, a 06, plus half the 
diameter of the rivet hole as a radius, and describing 
from a and b two ares intersecting at c, which will be 
the center of the rivet hole. 

In the ordinary course of boiler making almost 
every error of workmanship tends to weaken the 
plates and give an excess of rivet area, while, in addi- 
tion, the corrosion, which to a greater or less extent 
takes place during the life of a boiler, also weakens 
the plate while scarcely affecting the rivets. 

It is for these reasons that I consider that a riveted 
boiler joint should be laid out so as to have an excess 
of plate section over that of the rivet. 

Jt is impracticable to proportion the riveted joint so 
perfectly that the shearing strength of the rivet will 
be equal to the tearing strength of the plate, for the 
actual strength of the plates varies more than does the 
proportion of dimensions of the joint. 


(To be continued.) 


IRON ORE DEPOSITS. 
By R. W. RayMonp. 


TuHE belief in the eruptive character of iron ore de- 
posits of certain classes held its ground against the 
newer theories more obstinately, perhaps, than any 
other part of the old plutonic ¢ . And the iron ores 
of Sweden and Norway were the favorites examples of 
this hypothesis. 

A recent report by Prof. A. W. Stelzner, of Freiberg, 
on the iron ore field of Naeverhaugen, Norway, con- 
tains the following paragraphs, which I translate, as 
showing how completeiy the former view has been 
surrendered by competent investigators. Before quot- 
ing Prof. Stelzner’s remarks, however, I may observe, 
in passing, that the report in question is a model of 
fullness, thoroughness and g judgment. The min- 
ing field which it discusses presents a series of varia- 
ble intercalated ore-bearing zones, carrying mixed 
specuiar and magnetic iron, and combining oceasion- 
ally to form bodies of considerable size and purity ; 
while, on the other hand, suecessful exploitation on a 
large scale would undoubtedly invo}ve the extraction 
of much material requiring concentration. 

Tunis operation, it is declared, could be cheaply and 
efficiently performed by jigging, asthe ore can be 
easily separated from the quartz and other minerals 
of the crystalline schists in which its occurs. No doubt 
the vast supply of iron ores demanded by modern 
works must be furnished more and more by 1.\ining 
something besides the pure ores furnished in limited 
quantities by highly favored mines; and it is inter- 
esting to notice the recognition of this fact in a re- 
gion hitherto famous for its deposits of very rich iron 
ores. 

Concerning the origin of the deposits, Prof. Ste/zner 
says: 

‘*In former years the opinion prevailed in Seandin:.- 
via that iron ore deposits of the character describe! 
had an eruptive origin. Particularly for Norway this 
view found in Kjerulf a very warm defender, and it is 
therefore not surprising that his pupil, Corneliussen, 
felt bound to ascribe (1877) to the Naeverhaugen iron 
ores an eruptive origin. 

‘* Nevertheless, this earlier theory has not maintain- 
ed itself in the progress of time. On the contrary, 
it has been more and more distinctly and sharply 
shown that the actually observed conditions can be 
explained only when in all these fahiband-like depos- 
its sedimentary formations are recognized—that is to 
say, beds laid down at the bottom of the former seas, 
contemporaneously with the’ material of the schists 
and limestones which inclose them, but subjected 
afterward, together with the inclosing rocks, to more 
or less alteration. 

* That this view is the only tenable one as regards 
the Swedish iron ore deposits was shown first. I be- 


lieve, in 1850, by M. A. Sjigren ; and that the Naever- 


haugen occurrence aiso must be included under it has 
been argued by Gumaelias (1875), Gdtting and Vogt. 

“For wy own part, I am obliged, by all my obser- 
vations on the spot and in the stady of the sawples of 
rock and ore collected, to adopt with profound con- 
vietion the theory last mentioned.” 

Prof. Stelzner does not fail to point out that this 
question of origin bas a direct bearing upon economic 
value and a of work. For if the deposits 
are sedimentary and contemporaneous with the coun- 
try rock, then the common winers’ notion of a union 
in depth to form large masses has no real foundation, 
and the common advice to sink on this or that un- 

rofitable vein, in the hope of fts improvement, must 
- rej He says very wisely, and his words may 
find wholesome application elsewhere: . 

“In considering the question of probable develop- 
ment in depth we must rather start from the proposi- 
tion that our ores were laid down somehow (no matter 
how) as sediments on a sea bottom—that is to say, as 
originally more or less horizontal beds. . . . If we 
distinguish to-day in these fahlbands, as in many 
other tilted layers, the directions of strike and dip, we 
must always bear in mind that both these two lines 
were originally horizontal, and that they would have 
changed roles at once if the tilting (which is totally 
independent of the formation, nature and distribu- 
tion of the ore) had taken place from the south or 
north, instead of the east. 

follows that, for a comparatively undeveloped 
deposit like this, in the absence of better evidence, it 
is justifiable to deduce from a study of the outcrops 
along the strike a picture of that which may be ex- 

xcted from openings on the present dip. . . . 

**It will, therefore, be well to assume that the more 
or less sudden alternations between rich and poor spots, 
with which an ¢yvamination of the outcrops .. . 
makes us acquainted, will occur also in deeper workings. 
We must expect that ore bodies rich at the surface 
will in depth—whether at 10 or 50 or 100 meters—grow 
poor, and vice versa, the uninviting outcrops may be- 
come richer in depth. 

“That concentrated ore bodies now hidden may 
here and there be larger and richer than any now ex- 
posed, may be conceded as ible ; but it is not indi- 
cated as specially probable by the exposures made on 
the surface by prospecting cuts aggregating several 
kilometers in length.’ 

In a nutshell, the argument is that, for a deposit 
originally sedimentary and not owing its essential fea- 
tures to any agency subsequent to its tilting, the ac- 
cidental section made at the surface by natural erosion 
is as likely to represent fairly the occurrence of ore as 
any other. This is simply applying the doctrine of 
probabilities, which, as all mathematicians know, 
only comes into play as a measure of our ignorance. If 
developments have been made on a given deposit or in 
the neighborhood, throwing some light on the distri- 
bution of ore in the origina! bed—as, for instance, that 
it was nota uniform sheet, but was in bands, deter- 
mined by currents—then the evidences of the surface 
must beconstrued according to this light. But Profes- 
sor Stelzner has sufficiently guarded his proposition, 
and, as he states it, it is true. 

If it were more generally kept in mind we should, 
perhaps, hear less frequently the sanguine prophecies 
of certain “improvements in depth,” which have sur- 
vived in the usage of experts from a time when they 
had more foundation in theory than can be claimed 
for them now. As for general experience, they never 
had any foundation in that.—Hng. and Min. Journal. 


RECENT CONCEPTIONS OF ARCTURUS.* 
By Wm. H. KNIGHT. 


‘In the whole astonishing history of the human in- 
tellect there is no more astonishing chapter than that 
concerned with the sidereal researches of the last 
quarter of a century. 

‘In no other [branch of knowledge] is anticipation 
so continually outrun by the brilliant significance of 
the results achieved.”— the preface to Clerke’s 
“* System of the Stars,” 1890. 

In this paper I propose to present one of the latest 
deductions of science, wherein the sober results of as- 
tronomical research seem to have fairly ‘‘ outrun an- 
ticipation.” 

To avoid encumbering the text with unnecessary 
detail I shall omit minute fractions where practicable, 
and shall use approximate round numbers in express- 
ing large distances, 

‘*So far as our present information goes,” says As- 
tronomer E. W. Maunder, of the Greenwich Observa- 
tory, ‘‘Arsturus ranks as the swiftest, the brightest 
and the largest of all the stars we know.” This state- 
ment, published in a recent English scientific journal, 
is the result of facts of a startling nature gathered 
from observations of this star within the last few years. 

Halley was the first to observe in 1718 that the two 
conspicuous stars, Sirius and Arcturus, were by no 
means fixed relatively to the stars which seemed to be 
their neighbors. It was soon found that many other 
stars, and presumably all of them, werein motion. 
But their apparent drift across the face of the sky is 
so small that it can be measured only by astronomical 
instruments. 

This apparent movement of the fixed stars is tech- 
nically called their proper motion, and in the case of 
Arcturus it amounts to only 244 see, of are per annum. 
It would require abont 800 years for Arcturus to cross 
a portion of the sky equal to the diameter of the full 
moon ; and yet its progress across the sky is more than 
\ double that of any other first magnitude star visible 
in the northern heavens. 

The proper motion of Sirius is about half that of 
Areturus. The first magnitude star Alpha Centauri, 
the nearest of the fixed stars, is in the southern hemi- 
sphere, and consequently invisible to us. Its proper 
motion is about 34¢ sec. or 50 per cent. greater thar 
that of Areturus. But there is still a swifter star—a 
small one of the fifth magnitude in the Swan. It is 
known as 61 Cygni and is flying along at the rate of 
544 sec. per annum; and still another, a telescopic 
star in the Great Bear, with the largest proper motion 
known, being 7 see. of are. Yet this swift wanderer 
among the stars would require 250 years to cross a 
region equal to the apparent diameter of the moon. 


~ * Paper read before the Cincinnati Society of Natural Hisvory, June 2, 
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Bat it may be asked: Why apply the term swift to 
movements that appear to be so very inconsiderable ? 
The astronomer takes into view the enormous distance 
of those heavenly bodies, and finds that the figures 
above given represent tremendous velocities, with 
which no form of motion known to us on earth is com- 
parable. ‘ Asa ship on the horizon,” says one writer, 
‘though she may be urging her way swiftly through 
the water, yet seems at rest, so the distant stars seem 
unchanging in position, though in reality they travel 
many miles in every second of time.” 

Two factors are necessary to determine the actual 
velocity of a star through space, namely : its proper 
motion, or apparent progress across the sky, and its 
distance. It is very evident that if two stars have the 
same apparent or proper motion, and one is twice as 
far away as the other, the more distant one will move 
with twice the actual velocity of the nearer one. 

The distance of the stars is determined by their an- 
nual parallax, that is, the angle subtended by observ- 
ing them from opposite points of the earth’s orbit in 
its journey round thesun. Yet, viewed from opposite 
ends of this great base line of 186,000,000 miles, few of 
the stars are near enough to produce a measurable 
angle. All the others are too remote for us to caleu- 
late their distance by any methods known to astrono- 
mers at the present time. 

A parallax of one second of are would be equal to 
about y¢55 Of the breadth of the full moon, and would 
represent a distance 200,000 times greater than that 
whieh separates the earth from the sun, and light, 
which travels with the unthinkable velocity of 186,000 
mniles per second, would require 344 years to accom- 
plish that distance. Hence that distance, about 20,- 
000,000,000,000 miles, is called 344 light years. 

The largest parallax yet observed is that of Alpha 
Centauri, whence we infer that it is our nearest stellar 
neighbor. Its parallax is about % of a sec., which 
means a distance of about 444 light years. This know- 
ledge, taken in connection with its proper motion, 
enables us to determine its velocity, which is about 16 
miles in each second of time. In other words, a star 
which has a parallax of % sec. of are and a proper 
motion of 34 sec. of are is moving with a velocity 
nearly equal to that of the earth (18 miles) in its orbit. 

The next star io distance is 61 Cygni, near the head 
of the Cross in the Milky Way. Its parallax is a little 
less than half a second, while it has a large proper wo- 
tion, as already stated, of 544 see. These elements give | 
this star a distance of 74¢ light years and a velocity of 
36 miles per sec.—much greater than that of any mem- 
— our solar system except comets at their peri- 

elion. 

The next star in distance, so far as known at present, 
is Sirius, the brightest of the fixed stars. Its parallax, 
according to the latest observations, is ;4, of a sec., 
equivalent to a distance of 8 light years, and its proper 
motion a little more than 1 sec., which gives it a velo- 
city of 9 miles persec. perpendicularly to or across the 
line of sight. ut a star may have a motion within 
the line of sight, that is, toward or from our system ; 
and here the spectroscope comes to our aid. It shows 
that Sirius is moving away from us with a velocity of 
20 niles per second. 

We now come to a very remarkable star. I have 
mentioned a small star in the northern heavens, called 
1830 Groombridge, which has a larger proper motion 
than any other star, being 7 sec. per annum. Owing 
to its comparatively rapid motion it has been diffi- 
cult to measure its annual parallax, and for many 
years it was fixed at ;, of a sec., which would give the 
star a distance of 34 light years, and a resulting velocity 
of 200 miles per second, and it has been called the 
“Runaway Star.” But later observations with more 
perfect instruments have enlarged the parallax to } of 
a second, thus reducing its distance to 20. light years 
and its velocity to 132 miles per second. With that 
reduced velocity, however, this star would sweep 
through a space greater than that which separates 
Cincinnati from Louisville in each second of time. 

But our subject is Arcturus, that brilliant star which 
has been the theme of song and story from time imme- 
morial. It is twice mentioned in that oldest of records, 
the Book of Job. It was conspicuous in the charts 
of all the ancient astronomers, from the time of Hip- 
parchus, in the second century B. C., down to the 
present. 

On account of its great brilliancy and large proper 
motion, an early effort was made to gauge the dis- 
tance of Arcturus from oursystem. By the imper- 
fect methods and instruments at first used, its parallax 
was placed at of a second of are, or some 33 light 
years distant. ter astronomers increased this par- 
allax to 4 of a second, equivalent to 25 light years, 
which, taken in connection with its proper motion of 

4 see., gave it a velocity of 54 miles per second of 
time, or about double that of the swift planet Mer- 
cury in its orbit. 

But within the last two or three years a new and sur- 
ogy value has been given tothe parallaxof Arcturus 

y Dr. Elkin, the astronomer of Yale University. Pre- 
vious to his work at Yale he had acquired a reputation 
for painstaking observations and accurate results in 
the British observatory at the Cape of Good Hope. 
Equipped with a7" heliometer provided with the lat- 
est improvements, he set himself the task of measur- 
ing the parallax of several prominent stars. Devot- 
ing himself specially to Arcturus, from no less than 89 
observations, taken in connection with 10 comparison 
stars, he deduced the very small parallax of ,4§,5 or 
about ,y of a second of are, which is equivalent to a 
distance of 181 light years. This minute parallax 
(which is assumed to be approximately correct by other 
astronomers), combined with its large proper motion, 
gives Arcturus the tremendous velocity of 381 miles 
per second—a distance 40 miles greater than that which 
Separates Cincinnati from St. Louis. Imagine a body 
moving from this city to the Mississippi River between 
the ticks of a clock ! 

Now, Dr. Elkin admits that there is what is tech- 
hically called a ‘‘ probable error” in his observations, 
but that error is + or—, and would be as liable to 
make the value of the parallax less than the figure 
Damed as to make it more. So that while the velocity 
of Arcturus may be 50 or even 100 miles less per second 
than computed, it may possibly be 50 or 100 miles more. 

Bat until we get new data, based on more extended 
observations, made with better instruments, we may, 


in company with the leading astronomers of the world, 
accept Dr, Elkin's startling figures, and. consider 


Arcturus as 181 light years away, and rushing through 
space with the unparalleled velocity of 381 miles per 
second, or about 21 times faster than the earth travels 
in its orbit around the sun. 

Is such a velocity impossible? Is it incredible? Is it 
unreasonable ? 

It has been mathematically demonstrated that the 
velocity with which matter, drawn from distant space, 
would fall upon the surface of the sun is no less than 
888 miles per second, a velocity, it will be seen, almost 
identical with that of Arcturus. 

Many comets which come from interstellar re,ions 
and visit our solar system sweep around the sun at 
perihelion with velocities even higher than that as- 
cribed to Areturus, and, moving in parabolic. curves, 
again plunge outward into distant space, and passing 
beyond the dominion of our own sun, enter that of 
some other mighty star. 

Indeed, there is another swift-flying star whose ele- 
ments, lately determined, imply a velocity but little 
less than that of Arcturus. I refer to a fifth magni- 
tude star in our northern heavens known as Mu Cassio- 
peisw. It hasa rapid proper motion of 3°8 sec. of arc, 
and a recently discovered parallax of sy of a sec., giv- 
ing it a distance of 91 light years and a resulting ve- 
weed across the line of sight of 344 miles per second of 

me. 

Thus far [ have been considering the velocity of 
Arcturus perpendicular to or across the line of sight. 
But we have seen in the case of Sirius that while it is 
moving with the comparatively low speed of 9 miles 
across the line of sight, it is receding along the line of 
sight with the high velocity of 20 miles per second. 
How is it with Arcturus ? Is he approaching or reced- 
ing from us? Mr. Huggins again comes to our aid 
with his spectroscope, and finds that, while Sirius is 
moving away from us at the rate of 20 miles per sec- 
ond, Arcturus is rushing down wpon us with the far 
higher velocity of 55 miles per second. 

ut we n have no fear of a collision. While he 
will doubtless continue to approach us for tens of 
thousands of years to come, till he arrives within 140 
light years or so, he will then, after a computable 
— gradually and then rapidly recede from us and 
rom our part.of the sidereal universe, and pursuing an 
unswerving course, with unabated velocity, he will, in 
a few million years, s entirely out of the ken of the 
most powerful earthly telescope. For, while Arcturus 
is now approaching us at the rate of 55 miles per sec- 
ond, he is moving athwart our line of vision 381 miles 
in the same moment of time. 


But part of that apparent motion of approach on the | Be 


part of Arcturus is caused by the movement of our own 
sun, which, with its train of attendant worlds, is swing- 
ing along through space at the estimated rate of 15 
miles per retry Its course is directed toward the 
eume lation Hercules, between Arcturus and the Milky 
ay. 
And now, having obtained some idea, however crude, 
of the great distance and rapid motions of this remark- 
able star, we are curious to ote something of his mag- 
nitude and physical structure. If he had a visible 
companion circling around him, asis the case with 
Sirius, Alpha Centauri, and some other stars which 
exhibit a measurable parallax, we could weigh his mass, 
or rather the combined mass of the two bodies, and 
thence infer his probable magnitude. But Arcturus is 
a solitary star. No telescope has revealed any attend- 
ant companion. 

Our only resource, then, is to compare his light-giv- 
ing power with that of other luminous bodies, and 
accept such conclusion as may be fairly drawn. 

There are three well defined classes of stars, jud 
by the quality of light they yield. In the first class 
are the clear white and bluish white stars like 
Sirius and Vega. These are supposed to be the hot- 
test stars and the most luminous in proportion to the 
extent of their surface. Then there are the golden 
yellow or pale orange stars, of which Arcturus and 
Capella are fine examples. These have begun to cvol. 
Finally, we have the deep orange and red stars like 
Aldebaran and Antares, These have advanced still 
further in the cooling process. 

Now the spectroscope informs us that our sun be- 
longs to the orange or Arcturus type, and if we could 
view it from distant space, we should see a lovely star 
of a pale golden yellow. The question arises, then, 
how far would our sun have to be removed in order 
to shine with a brightness no greater than that of 
Areturus? According to Mr. Maunder, it would have 
to be removed to 140,000 times its present distance, or 
a half the distance between us and Alpha Cen- 
tauri. 

Bat Arcturus is 1144 million times as far away as the 
sun, and if our sun were placed at that enormous dis- 
tance, its diameter would have to be 82 times as great 
in order to give a light equal to that received from 
Arcturus. I hesitate to present such figures, implying 
magnitudes far beyond any to which we have been ac- 
customed, yet they are but logical deductions from 
observed facts. In other words, upon Mr. Maunder’s 
reasonable assumption, Arcturus must be a gigantic 
sphere, 550,000 times larger than our sun, with a diame- 
ter of seventy million miles, or more than large enough 
to fill the entire orbit of Mercury. 

To make this contrast clearer, let us institute a simple 
comparison. Jupiteris larger than all the other planets 
and satellites of the solar system. The sun is a little 
more than 1,000 times larger than Jupiter. But Arc- 
turus, if our inference is correct, is 550,000 times larger 
than thesun. By the side of such a majestic orb, our 
sun, grand and overwhelming as he is in our own sys- 
tem, would dwindle to an insignificant star. 

Contemplating a world so vast, endowed with svch 
raighty energies, and rushing with such resistless force 


through the great deeps of space, we cannot resist the | retronal 


questions: Whence came this blazing world ? Whither 
is it bound? What is its mission and destiny? Is it 
simply a visitor to our sidereal galaxy, rushing furi- 
ously through it likeacomet? Is it being constantly 


fed and enlarged by the worlds it encounters and | U 


the meteoric matter it gathers up in its wonder- 
ful journey? What would be the effect if it chanced 
to pass through a nebula or a star cluster? Was the 
new star which suddenly blazed forth in the nebula of 
Andromeda in 1885 due to a similar cause ? 

As this mighty aggregation of attractive energies 
sweeps along his celestial path, thickly bordered with 


swerved from their appointed courses by his irresistible 
power? How many will plunge into his fiery bosom 
and 7 swallowed up as a pebble is swallowed by the 
ocean 

Are there many great suns like Arcturus, flying on 
their special missions through space? The late Dr. 
Croll, in his work on “Stellar Evolation,” published 
two years ago, conjectures that the original constituent 
bodies of the universe were endowed ab initio with high 
velocities, and that in their swift seseeeye through 
space each eventually comes into collision with one ol 
his fellows. 

The terrific impact of two bodies moving with a ve- 
locity of tens and even hundreds of miles per second 
transforms the energy of motion into heat, and both 
worlds are shattered into fragments, melted as in a fur- 
nace, and dissipated into luminous gas. And thusa 
nebula is formed which fills vast regions of space and 
is ultimately, in the lapse of untold ages, evolved into 
new systems of worlds. 

Sublime as is our theme—a universe of mighty 
worlds; wonderful as is the complexity of their motions 
and influences, mysterious as is that power which per- 
vades and rules the whole, more sublime, more won- 
derful, more mysterious is the human wind, which, 
from the standpoint of this little world, a mere speck 
in the great domain of creation, reaches out to the ut- 
most bounds of the universe, formulates its laws. re- 
constructs its past, forecasts its future, and dauntlessly 
grapples with the varied problems of atoms and stars, 
— and force, time and space, eternity and in-. 

nity. 


NEW REMEDIES. 


To a paper upon new remedies, read at a recent 
meeting of the Chemists’ Assistants’ Association (Lon- 
don), by Mr. H. Helbing, the author —— a full list 
of such remedies (along with their therapeutical use 
and dose) that will prove very usefal to pharmacists 
and physicians for reference. The list is as follows: 


2-5 grns. per os, 

Acstyipheny and anal- 

3-5grns, “ 
Aqaracine, Antisudorific in phthisis. A 
Amylene hydrate,........ Hypnotic, anodyne....... Fine. 
Against skin diseases... 
Aatifebrile and anodyne.. 15-30 erns, 

or subcutaneously, 

coves Antiseptic and in skin dis- 

eases, 
Benzoyl-anilide.... ..... 1%-5 grne. per os, 
Benzoyiguaiacol,.... ... Antituberculotic,...,.... 

.... Anti-gonorrhoic.......... In bougie. 
Biemuth salicylate, .......Againet gastric affections. 6-15 urns. “ 
Bromoform. ...........+.+ Agaivst pertussis........ 1-2 me, 
Camphoric acid........... Antisudorific in phthisis, x 

Chioralamide,............ Hypnotic,..... 80-45 grne, 
15-45 gros,“ 
Antiseptic,............... 5 ma, internally. 
Creasote Anti-tubercuiotic,........ 3 ms. peros, 
Cresalol Antiseptic, antifebrile. 
Ethylenimine hydrochlor- 

ously. 

~Amalgesic............... 4 grains 
Anti-tuberculotic,....... 1 m, per os, 
Hydrastinine........ ..... Against uterine hemor- 

rhage........... «...... 1gm, subeutaneously 
Hydroxylamine,.......... Against skin diseases.... Externally. 
Hydracetin..... acetylphenyibydra- 

zine. 
Hypnone,....... Hypnotic.... ............ 3-8 ma, 08, 
sciatica, erysipe! skin 
ms, per 
Iodine trichloride.........Antiseptic,........ Externally in 1 p. c. 

© of solution, 
Iodoform bituminate,.... Antiseptic........ ...... Externally 
As an ointment base or 

vehicle for other medica- 
ments, 
Mercury phenate..........Antisyphilitic............ -} grns. subcutan. 
Mercury grn. 
Mercury salicylate........ Antisyphilitie .. ....... grn, 
Mercury succinimate ....Antisyphilitic, 
3 grne. per oa, for 
children. 
Hypnotic and anesthetic. 15-30 gras, per 98, 
Methylene biue........... Analgesic ........... ... 8ligrns,. “ 
Methylene chloride....... Narcotic anesthetic, 
Monobr ilide..... Analgesic... ............ 1-8 gne. 
Abtieeptic in phthisis,... 5 ms. 
Naphthalene... ... ....Amtioeptic..... grns. 
Napthoic acid.... .. and antipara- 
sitic. 
Antiseptic. 
Naphtho! camphorat Antiseptic antitubercu- 
Subcutaneously. 
Orexin hydrochloride. ... . Stomachic. ..... ...... 5-8 gre. per ox. 
Paraldehyde .... Hypnotic and sedative... 15-45ms. “* 
Phenacetin. antineuralgic 8-20grne, 
Phenylurethan............ Antifebrile, antirheuma- 
Piperazide hydrochloride .General etimniant........ Externally. 
Pyoctanin,. Antiseptic. 
Antasihmatic............ 1-1% drme. by inhal- 
ation, 
zine. 
mentative. 
ntepileptic.......... ... rms, os, 
Antiseptic antigonorrhoic 1 grns. = 
Sodium theobromine 
jum anisate. ......... ntipyretic, anti-rheu- 
Sodium dithiosalicylate...Antipyretic, anti-rhea- 
Sodium paracresotate..... Antipyretic, anti-rheama- 
Sulphaminol... Antiseptic... .. ........ Externally, 
Sulphonal.. .... oo 15-30 grne. per. oa. 
Terpene h: ..Against pulmonary affec- 


EFFECTS OF TUBERCULINE ON MONKEYS. 


M. HENOCQUE has recently tried the effect of tuber- 
culine on a monkey which presented no symptoms of 
pulmonary phthisis. Two days after the first injection, 
according to the British Medical Journal, the ani- 
mal, which had exhibited the characteristic reaction, 


stellar worlds, how many of those worlds will 1d 
forever to his disturbing ? How many 


be’ presented dullness anda few rales at the right apex, 
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Thali sulphate .........Antigonorrhoic..... .. Injection, 
Thiol... substitate q. 
| Externally, 
| Thioresorcin,.............Antiseptic, 
A 


12982 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 809. 


4, 1891. 


After the third injection the dullness was more marked 
en the right side, and began to be perceptible at the 
left apex. Soon all the symptoms of acute phtbisis 
manifested themeelves, with intense fever, the animal 
dying ten days after the last injection, after losing a 
tenth of its weight during that time. The total amount 
used was six willigrammes of the diluted fluid. On 
t-mortem examination, four tuberculous nodules of 
e size of a pea were found io the right lung, and 
caseous pneumonia involving two-thirds of the organ 
in the left. In both cases the tuberculous lesions 
Were surrounded by a zone of very intense red hepati- 
zation. Pieces of the caseous tissues were injected into 
two guinea pigs, in one after mixture with sterilized 
water, in the other with diluted taberculine. Both ani- 
—_ showed signs of cutaneous and glandular tuber- 
cu 8. 


THE GENERAL FEATURES OF THE VEGE- 
TATION OF LOUISIANA AND ADJOINING 
REGION, AND ITS PRODUCTS,IN RELA- 
TION TO PHARMACY AND ALLIED IN- 
DUSTRIES.* 

By CHas. MourR, Mobile, Ala. 


ENTERING upon the warm temperate zone of this 
of our common country, with a vegetation in 
many of its features strange and new to him, the ob- 
servant visitor from Northern climes beholding them 
for the first time will not only be struck by their 
novelty, but will find his attention engaged by the = 
ductions of the vegetable kingdom of these lower lati- 
tudes in their relation to those of other parts of the 
globe, and particularly in their bearing upon the 
activity of man as they contribute to his necessities 
and comforts. 

In response to the call upon the members of our As- 
sociation, wade by the committee on papers to be read 
before the meeting, to select some subjects presenting 
local features of interest to members from other locali- 
ties and of importance to pharmaceutical literature, I 
have ventared upon the attempt to point out what 
might be considered of most interest presented by the 
various phases of the plant world of this subtropical 
zone, and to direct the attention of our visitors to its 
products of importance in their bearing on pharmacy 
and allied branches of industry. 

We meet here in the realm of the magnolia, the 
palmetto, of the long leaved pine, and of oaks, with 
evergreen or semi-persistent foliage. Favored by a 
clime of a range of temperature as free from the ex- 
tremes of withering heat as from the blasts of severe 
frost, and by an abundant rainfall equally distributed 
through all seasons, conditions most favorable to the 
development of arboreal growth, the grand forests, 
covering yet in this pristine State a large area of the 
surface, are in their diversity and luxuriance only 
exceeded by those of the equatorial zone. The trees 

aliar to lower latitades are found here comming- 
ing. with those that are equally at home in the North- 
ern forests. Palms with short or creeping stems (La- 
bel Adansonii, Lerenoa serrulata), their fan shaped 
leaves wavering under the impulse of the breezes from 
the Galf, are growing under the shade of the pine, a 
tree form most promioent in the forests approaching 
the subarctic zone ; the magnolia occurs side by side 
with the Northern beech, its dark lustrous foliage 
standing in pleasing contrast with its Northern associ- 
ate when attired in its early garb of the softer tints of 
liveliest green. An arborescent lily (Yucca aloifolia), 
called the Spanish dagger, on account of its spreading, 
rigid, sharp point@i, lance shaped leaves, shares the 
ground with American holly (Jlex opaca), which also 
adorns the woodlands of the coasts of New England. 
Pines of a strictly Southern type contend for the pos- 
session of the soil with Northern oaks and hickories, 

A similar blending of Southern and Northern plants 
is fqund to prevail among the crops of the fields and 
the garden. By the side of those originally derived 
from the subtropical zones in the different parts of the 
globe, producing the great staple products of this sec- 
tion, sugar, cotton, and rice, some of the most import- 
ant field crops are caised successfully: and in the 
orchard the pear is found to ripen its fruit with the 
orange and the Japanese pluin (H#riobotrya Japonica). 

In the following a hasty sketch is attempted of the 
features that characterize the different regions of this 
zone as they are traversed in its descent to the Gulf, 
with a consideration of those products, indigenous to 
them or cultivated, deemed of most interest to us. 

Following the great lines of travel from the North, 
east of the Mississippi River, the appearance of the 
magnolia and of the so-called ‘Spanish moss,” a true 
epiphyte, of the order of Bromeliads (Tillandsia 
usneoides), pendent in long festoons from the limbs 
and branches of oaks of Southern type, denotes that 
the warmer temperate zone has been entered (about 
33° 30' N. L.) On reaching Louisiaua the subtropical 
forest, distinguished by the prevalence of broad leaved 
evergreens of various orders, is presented in the full- 
est dispiay of its characteristic features on the fresher 
and damper soils of the land rising above the level of 
the alluvial bottom and the marshes of the coast. The 
stately imaguolia, reaching a height of from 70 to 80 ft., 
reigns here supreme, forming, with the laurel, water 
willow, and live oak, the black gum (Wyssa aquatica), 
red bay (Persea Carolinensis), the white bay (Magnolia 
oo the high forest, a host of trees of smaller size, 

n great variety, adding to its density ; including the 
American olive or devil wood (Osmanthus Americanus), 
the titi (Cliftonia ligustrina), the cyrilla (C. racemi#- 
flora), the sweet leaf or horse sugar, the yapoon and 
dahoon (/lex Vassine, I. Dahoon), wax myrtie or bay- 
berry (Myrica cerifera). the farkleberry (Vaccinium 
arboreum), the suowdrop tree (Halesia diptera and 
Bumeilia lanuginosa), ali typical forme of this sub- 
tropical forest. A number of shrubs, in no less variety, 
most of them adorned by a profusion of flowers, add to 
the beauty and interest of these woods. There the in- 
teresting American star anise Floridanum), 
a calycanthus, rich blooming andromedas, azaleas, 
bineberries, the gorgeously blooming kalmai, fragrant 
storax bushes, a stuartia and clethra, unfold their 
flowers from spring to suinmer, all intertwined by nn- 
mnerous climbing and twining plants, ainong them of 

uliar interest to us, and most frequent, the yellow 
| (Gelsemium sempervirens), and several spe- 
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cles of bamboo briers (Smilax) render the dense un- 
dergrowth often absolutely impenetrable. 


THE SOUTHERN PINES. 


The highly silicious drift soils of the uplands are 
chiefly occupied by pines. The genus Pinus is repre- 
sented in the lower Gulf region uy five species : the 
short leaved pine (Pinus echinata, P. mitis) and spruce 
pine (P, glabra), short leaved species with two leaves 
in the sheath, and the small oval cones with a flat 
apophysis armed with a weak deciduous oo and 
their wood poor in resinous watter; P. teda, P. 
cubensis, and Pinus palustris, these last three torming 
a natural group of long leaved species with three, or 
two and three, leaves in the sheath, gregarious timber 
trees of large size and highly resinous w . Dp 
account of their resinous products the trees of the lat- 
ter group merit our closer attention. 

The loblolly pine (Pinus teda). In Virginia and 
North Carolina this tree is found to predowinate in 
damp, sandy soils of the coast region. It forms a con- 
siderable part of the forest growth on the tablelands 
of Alabama and in Northwestern Louisiana, and, al- 
most purely, extensive forests in Western Texas to the 
limits of the Atlantic forest region. It prefers a damp, 
cool soil, and in the localities most favorable to its 
growth reachesa height of from 100 to 110 ft. and a 
diameter of from 36 to40in. As met with ordinarily 
the wood is coarse, wanting in the strength and dara- 
bility that distinguish its allies. It yields abundantly 
a resin rich in volatile oil, and the tree is tapped when- 
ever found within the precincts of the turpentine 
orchard. 

The Cuban pine, slash pine ( Peeue Cubensis). A 
West [ndian species, most frequent in the flatwoods of 
peninsular Florida,and in South Carolina, Georgia, 
and in the Gulf States to Eastern Louisiana, it is con- 
fined to the coast plain. It raises its stately trunk toa 
height of over 100 ft. The wood is heavy, of great 
strength and durability, highly resinous, the resin rich- 
est in volatile oil and of great fluidity. This tree is of 
rapid growth, attaining the full dimensions of a full 
sized timber tree within a century, 

The long leaved pine, heart or pitch pine (Pinus pal- 
ustris Muill., Pinus Australis Micha2.) In economic 
value this pine takes the first place among the timber 
trees of the Southern States. The forests of this pine 
extend over the sandy and gravelly deposit of the 
Southern drift—the socalled pine barrens—without in- 
terruption, and cover, in the maritime pine belt of the 
Gulf States alone, an area estimated at 58,000 square 
miles, of which 6,400 square miles are located in Louisi- 
ana. The tree is provided with an enormous taproot ; 
the tall trunk rises to a height of 90 to, rarely, over 100 
ft., with a diameterof from 20 to 35 inches breast high. 
The massive limbs are contorted, diverging into com- 
paratively few gnarled branches, with their foliage 
crowded in dense tufts at their extremity, forming an 
open, irregularly shaped crown. The trank is found 
free from limbs for a length varying between 40 and 
60 ft. Arrived at the fullness of their growth, trees are 
from 200 to 250 years old. The leaves are 10 to 16 in. 
long, obtusely triangular, and arise from the axils of 
bracts fringed with long white hairs, which, covering 
them in the bud, impart to the terminal shoots the 
silvery covering by which this species is distinguished 
from all others at every stage of its life. 

The catkin-like, staminate flowers form dense clus- 
ters around the summit of the youngest shoots; the 
female flowers are united in an oval short stalked 
catkin, the shapely mucronate carpellary scales be- 
ing almost totally hidden by their sealy bracts. 
The flowers appear about the middle of March; 
the cones mature in the fall of the second year and 
are of a dull leather color, about 8in. long, conical in 
shape when closed, and slightly bent. The seeds 
are discharged during the latter part of the fall. The 
wood of this tree is heavy, compact, close grained, and 
durable, unsurpassed among the pines in strength 
and elasticity, and is invaluable for heavy construc- 
tions. The timber resources of the forests of the long- 
leaved pine contribute largely to the industrial and 
commercial wealth of the Southern pine belt. During 
the year 1889 over 800,000,000 ft., board measure, of 
lumber have been shipped to foreign and domestic 
ports from the Gulf States alone. 

With us the interest in the tree centers in its resinous 
exudation, the principal source of the spirits of tur- 
pentine and resin entering the markets of the world. 
According to P. H. Dudley, the wood contains on the 
average about 18 per cent. resinousmatter. Prof. Mayr 
obtained from the sap wood, rich in volatile oil, 2°65 
per cent. of solid resin, and from the resinous heart 
wood, containing but a swall portion of volatile oil, 11 
per cent., the wood being absolutely dry. 

The crade resin, or turpentine, with the tar and 
pitch, obtained from the long leaved pine, figured in 
colonial times as the most important export from North 
Carolina to the mothercountry. In the infancy of the 
naval store industry the distillation of spirits of tur- 
pentine was carried on in iron retorts at the ports, the 
largest part of the crude resin, or turpentine, having 
been shipped to England. With the introduction of 
the copper still and its removal to the forest (1834), and 
the augmenting demand for its products, this industry 
increased a and soon spread to the pine regions 
farther south. 

In traversing the forests of the long leaved pine, the 
stranger, on his way to the coast, is struck with sur- 
prise on beholding the severe injuries inflicted upon 
the trees by the deep cuts made near their base. 
These cuts in the body of the tree and the excoriations 
above them constitute what are called boxes. Ten 
thousand of such boxes constitute a unit of work, called 
a crop; trees above medium size, according to their cir- 
cumference, receive from two to four boxes. These re- 
servoirs for the exuding resin are of the ca ity of a 
quart. The operations in the turpentine orchard begin 
before the dawn of spring by the laying bare of the 
ground around the trees and the removal of all loose 
combustible material from it, which is raked in heaps 
and burned. in order to prevent the danger of fire dur- 
ing the coming season. As soon as the flow of resin be- 
gins, the excoriations are made on the surface of the 
trank above the boxes to a height of eight inches, 
which are gradually increased, by a few incisions re- 
anys every week (chipping), by two to two and one- 

alf inches for every month to the close of the season. 

During the first two seasons the boxes are emptied 
every four weeks (dipping), each dipping yielding on 


the average from 40 to 50 barrels, of 280 pounds each, 
erude turpentine. At the end of the season, late in 
October or November, when the resin ceases to run, 
the boxes are cleaned from the adhering solidified 
resin (scraping). For each one of the first two years 70 
and 80 barrels respectively of such scrape are obtained, 
containing but little over half the quantity of the 
spirits of turpentine yielded by the dip, which amounts 
to 7 gallons for each barrel. The solid part of the tur- 
pentine remaining in the still is the resin of commerce, 
The dippings of the first two months, the virgin dip, 
yield this article in highest quality, perfectly clear and 
almost colorless. The resin resulting from subsequent 
dips during the first season is of astraw toa pale amber 
tint, ranking as good quality; and of the second sea- 
son, of a light brown color, ranking as medium. The 
product of the crop during the first two years amounts 
in the aggregate to about 42,000 gallons of spirits of 
turpentine, and 460 barrels of resin of first to medium 
quality. In the third and fourth seasons the amount 
of spirits of turpentine is reduced to 1,000 and 900 gal- 
lons respectively, and the resin is of a deeper brown, 
that of the last year being almost black and of no com- 
mercial value. After the fourth year the yield is no 
pon valuable, and the orchard is therefore aban- 
oned. 

The working force of such a plant is generally on 20 
such crops, requiring an area of not less than 4,000 
acres of pine forest. During the four years of its opera- 
tion the products amount in the aggregate to about 
120,000 gallons of spirits of turpentine and 12,780 bar- 
rels of resiv of various grades, from which, at the rates 
of the market prices ruling at present, about $70,000 
would be realized. The still in use at such a plant is 
of a capacity to receive 20 barrels of turpentine ata 
charge. After having been slightly heated, a constant 
stream of water from the top of the cooling tank en- 
ters the still to the end of the distillation. This pro- 
cess completed, the contents of the still are discharged 
through a pipe in its bottom, and the liquid resin is 
strained first through a wire cloth, and then through 
coarse cotton cloth, before it is transferred to the bar- 
rels for shipment, 

Repeated attempts to extract the volatile oil from the 
wood directly have shown that, subjected to distilla- 
tion by steam at high pressure, it will yield about 3 
per cent. spirits of turpentine. From 600 pounds of 
air dry wood, subjected to the treatment of steam 
and su vent destructive distillation, in the appara- 
tus patented by Wm. Messau, 21 pounds spirits of tur- 
pentine, 95 pounds pyroligneous acid, 150 pounds tar 
and oily products, and 127 pounds charcoal have been 
obtained. In view of such facts, already arrived at ten 
years ago, it is surprising that this mode of the pro- 
duction of spirits of turpentine has made but little pro- 
gress, particularly if the immense amount of material 
serving for this purpose is considered, which. as useless, 
is left to rot in the woods and is burned up to be gotten 
rid of at the sites of the sawmills. 

A highly profitable disposal of this refuse has of late 
been found in the manufacture of dead oil. Under 
this name the oily product resulting from the destruct- 
ive distillation of the wood of the long leaved pine has, 
during the past few years, entered the market as a 
powerful antiseptic, used with decided success in the 
creosoting of timber. Combined with the by-products 
obtained in the manufacture of this article, another 
source of wealth has been added to those already de- 
rived from the long leaved pine. The manufacture of 
pine wool from its leaves is highly prowising. It has 
already passed the’ experimental stage, and is success- 
fully carried on by a factory in North Carolina in the 
manufacture of rugs, baling stuff, and similar close 
fabrics from this waterial. 

Among the fruits cultivated on the uplands, the 
Scuppernong grape is tobe mentioned. The Scupper- 
nong vine is a sport of the Muscadine or Bullae grape- 
vine (Vitus rotundifolia), originated in North Caro- 
lina, and can only be propagated by layers. The ber- 
ries, ripening by the end of August, are collected in 
bunches of about a balf dozen ; they are of the size 
of a small plum, and, when fully mature, of a pale 
amber color. The large amount of acid present in this 
grape is wostly confined to the cells of the thick hull. 
The must contains 13 per cent. of sugar. By the sep- 
aration of the must from the pomace immediately 
after the berries have been crushed, and by the addi- 
tion of from one-half to three-fourths of a pound of 
crushed sugar, an excellent dry wine, of the strength 
and acidity of a generous Moselle or Rhine wine, can 
be made. 

Descending from the sunny pine hills to the low- 
lands, the marshes of the coast region are entered 
upon. They are covered in great part with the for- 
ests of the bald cypress (Taxodium distichum), which 
extend also over the submerged depressions through- 
out the upper part of the delta. The cypress is es- 
teemed for its highly valuable timber. In its dimen- 
sions this tree exceeds any other of the Atlantic for- 
ests ; its mighty shaft risestoa height of 80 to 100 feet 
above its inflated base, by a diameter of from 4 to6 
feet and over. The sight of these monarchs of the 
tree world in the gloomy recesses of the primeval for- 
est is almost overwhelming. Surrounded by the pe- 
culiar excrescences rising from their roots in the form 
of bald, sharp cones 2 and 3 feet bigh above the dark 
ooze of the swamp, these representatives of one of the 
most ancient of the gymnospermous types of the ar- 
boreal flora of our globe present in their assemblage 
strangely peculiar features. In these forest-covered 
swamps the 7ellandsia usneoides, or moss, is found in 
great abundance. and the ginning of moss forms one of 
the industries of New Orleans, After having been gatb- 
ered the plant is buried in the swamp for ten to twelve 
months to effect the rotting of its softer tissue. Dried 
and roughly cleaned, it is shipped to the city, where 
it undergoes a further cleaning, leaving only the elas- 
tie fiber, before it is baled forthe market. This moss 
is largely used in upholstering. 

The alluvial lands above the marshes, susceptible 
of drainage, are of the greatest fertility. Cleared, 
and protected from overflow by a system of levees 
lining the Mississippi and its large outlets to the 
Gulf, they are almost exclusively devoted to the 
cultivation of the sugar cape. Under the stress of 
low prices, caused chiefly by the enormous increase in. . 
the production of Europen beet sugar, great efforts 
have been made of late years in this State in the im- 
provement of the cultivation of the sugar cane, but 
particularly of the processes in the manufacture of 
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sugar, with the achievement of eines results, leading 
to continued investments in the cultivation of this 
crop. The rules of thamb and guess have given way 
to the use of the analytical balance and the polari- 
scope, guided by scientific The investi- 
gations of the chemist, institu by the aid of the 
United States Department of Agriculture, and at the 
sugar experiment station of the State, are eagerly 
taken advantage of by the planter, assisted by me- 
chanical ingenuity and the free expenditure of capi- 
tal. The extraction of the juice from the cane has 
been greatly perfected. The amount of saccharine 
matter left in the bagasse at the mill or in the chip of 
the diffusion process has been reduced toa minimum ; 
in the first instance by the comminution of the cane 
by cutting previous to its passing through the rollers. 

e process of diffusion is steadily gaining favor, and 
is being more widely employed, as by it the dangers of 
accidents and consequent delays incident to the em- 
ployment of heavy machinery under the strain of 
great power are avoided. Improved methods in the 
clarification of the juice, and its evaporization effected 
at low degrees of temperature in t multiple-effect 
evaporators apd the vacuum pan, with the introduc- 
tion of filter presses, have effected an astonishing in- 
crease in the yield of commercial sugar, amounting in 
some of the best equipped sugar houses to over 100 
per cent. of sugar to the ton of cane (mill work at 
Calumet, Wilkinson’s report, 1888-90). The saving 
effected in manual labor and in the consumption of 
fuel has kept correspondingly apace with the improve- 
ments in other directions. According to the state- 
ments kindly farnished by Mr. Murphy, acting presi- 
dent of the Louisiana Sugar and Rice Exchange, in 
1889-90, 122,000 acres of came were ground. Planters 
with modern apparatus gained 2,753 pounds of sugar ; 
those with apparatus of the old style, 1,847 pounds. 
The year before 133,000 acres were ground, 2,742 
pounds and 2,118 pounds of sugar per acre. In 1890-01 
the yield of sugar to the acre has beenvat least 50 per 
cent. better, owing to an exceptionally favorable sea- 
son. The crops for the past six years, in hogsheads, 
were as follows: 


1890... 420,000 1887...........+-255,185 
1889. 1886........... 148,968 
1888..... -267,851 1885...........+ 281,290 


The cultivation of the citrus fruits for profit is in 
Louisiana confined to the sweet orange (Citrus au- 
rantium), and is restricted to the lowest parishes 
of the delta and of the Gulf coast east of 
Vermillion Bay. In the parish of Plaquemine, 
the chief site of the orange orchards, groves from 10 
to 200 acres in extent are found, yielding large in- 
comes. The quality of the Louisiana or Creole orange 
is of the highest order, tinding a market at the highest 
prices. The crop produced in the State is scarcely 
sufficient to supply the demands of the home market. 
The lemon (Citrus limonum) is raised only in a few 
sheltered localities on the coast. 

The fig produces abundant crops throughout the 
lower half of the Gulf States. On account of its - 
ishable nature in the damp climate of this region, it is 
of no value commercially. 

Finally, the ramie plant, or China grass, deserves a 
short notice. Three species of the urticaceous genus 
Bohmeria (B. nivea, B. tenacissima, and B. caudi- 
cans), perennials and natives of the warmer temperate 
parts of Eastern Asia, have been introduced tor their 
fiber. Louisiana was the first and foremost of the 
Southern States in the attempts at the cultivation of 
the ramie, its decortication and the further prepara- 
tion of its fiber, a short time after its introduction into 
Mexico (1862). The high hopes entertained on the ad- 
dition of a new crop to the old staples, the cultivation 
of which would require far less of the manual labor 
and attention demanded by the latter, have not yet 
been realized. Growing with greatest facility, most 
easily propagated in all parts of the subtropical zone, 
easy of cultivation, and yielding large crops, an insur- 
mountable obstacle in the way of its general introdue- 
tion was presented in the want of a machine to — 
form the decortication of the fiber at a cost low 
enough to compete with the cheap manual labor of 
the Orient. During the time of the New Orleans Ex- 
position in 1884 the ramie question met with an active 
revival. Several large companies have been incorpo- 
rated under the patents of the inventors of improved 
machines. m the facts beforesus it is to be 
expected that the problems connected with this 
side of the ramie question are approaching a success- 
ful solution. The preparation of the raw fiber to 
meet the highest requirements of the inventor has al- 
ready been arrived at. 

All that has been said of the ramie applies to an- 
other fiber plant, the jute, Corchorus ca ris and 
C. olitorius, annuals, also of Asiatic origin. These 
plants, throughout the subtropical zone, arrive at ma- 
turity in fullest perfection, under the easiest cultiva- 
tion. Many thousands of hundredweights of their 
crude fiber are imported to this country, required for 
cotton bagging. With the invention of an improved | 
machine to perfect its decortication, another crop of | 
great importance to the cotton interest will be added | 
to the agricultural resources of this section. 

Although of prime importance, the subject of cotton 
(Gossypium) is left out of this sketch as being already 
familiar to every one present.—American Druggist. 


PYRAMIDAL BELLFLOWER. 


In presenting a sketch of one of the comparatively 
large number of admirably grown specimens of Campa- 
nula pyramidalis that came under our notice in an 
Irish garden last summer, the briefest ible refer- 
ence to this fine bellflower will suffice. osay much in 
praise of a plant that has occupied a prominent posi- 
tion in English gardens for more than three hundred 
years would be superfluous, but it must, in passing, be 
mentioned that while it is eminently attractive in the 
border, it has no equal awong hardy herbaceous plants 
for the embellishment of the conservatory during the 
latter part of the sammer. When developed in the 
manner shown in the accompanying illustration, and 
judiciously arranged with ferns and ornamental leaved 
plants, the tall spikes of delicate blue flowers present a 


Surprisingly beautifal apreoeeses. The most success- 
fal example of the use of this campanula in the decora- 
tion of the conservatory that we have seen was met 


with a few years since in a ducal garden in the North 
of England, and it deserves 8 al mention for its sim- 
plicity. The plants, although not equal to the speci- 
men here figured, evinced cultural skill of a high order, 
and were placed at intervals of about eighteen inches 
in an irregular bank of ferns, extending the whole 
length of the structure. The ferns rnd cor tall 
enough to hide the pots, and the effect need by 
the forest of flower spikes in contrast with the deep 
hue of the ferns was a delightful. It is not alone 
in the conservatory that the pyramidal belifiower is of 
value. On well-drained soil it can be grown toa high 
degree of perfection wholly in the open, as proved by 
the numerous thrifty examples that can at the present 
time be seen.in the gardens of Syon House and else- 
where. The plants are more liable to injury from 
damp than frost, and on cold wet soils they n- 


PYRAMIDAL BELLFLOWER, Campanula pyra- 
midalis. (Flowers, lavender blue.) 


all suffer sonore during the winter, a fact which has 
induced some cultivators to regard the aid of glass 
from the end of the autumn until the beginning of 
the spring as essential to successful practice. 

The cultural details are usually dealt with in a man- 
ner suggestive of the idea that the production of nicely 
bloomed examples is a formidable matter. So far from 
this being the case, it is one of the most simple of the 
many matters that have to engage the attention ofthe 
gardener. There are two methods of raising a stock— 
one by means of offsets, and the other by seeds; and, 
although very good results are occasionally obtained 
by the use of offsets, seedlings are so greatly superior 
that they should invariably have the preference. The 
older writers, with few exceptions, recommend the 
plants being grown on until the third year before they 
are allowed to bloom, and to admit of this being done 
the flower spikes are cut off early in the summer of the 


year following the sowing of the seed. So long a period 
is not required for the production of the finest speci- 
mens, it having been proved that from fifteen to six- 
teen months is sufficient. The practice of the most 
suecessful cultivators is to sow the seed some time be- 
tween the middle of March and the middle of May, 
and the second and third weeks of April can be recom- 
mended as especially suitable for the commencement 
of operations. It is desirable that the seed be sown 
thinly in pans or boxes filled with a light, rich compost 
and have the assistance of a brisk temperatuse to in- 
sure its germinating quickly. The soil must, as a mat- 
ter of course, be made woderately firm and quite level 
on the surface, and it will be an advantage to well 
water it previous to the seed being sown. In conse- 
quence of the of the seedlings to injury 
from damp, the pans should be removed to a cool and 
airy structure as soon as they are well above the sur- 
face. A greenhouse shelf or a position near the giass 
in an unheated pit or frame will answer admirably, 
care being taken to water eer for a few days 
after. they are removed from the heated structure. 
Immediately they are sufficiently advanced, prick off 
into other pans or boxes, keep rather close for a few 
days, and then gradually harden off and place ona bed 
of coal ashes on a hard surface in the open. Pot them 
off separately as soon as they are becoming crowded, 
and use five ~~ pen and a substantial compost. As 
they are potted place in a position similar to that pre- 
viously occupied, where they should remain until 
October. During this period they must be carefully 
watered, and after the pots are well filled with roots an 
occasional supply of liquid manure will be beneficial. 
An unheated pit or frame will afford them the most 
suitable accommodation during the winter, and 
throughout the time they ure under glass they must 
have a free circulation of air about them. 

Early in March the plants must be shifted into the 
pots in which they are to bloom, those seven inches in 
diameter being in some respects preferable. For this 
sbift use a compost consisting of turfy loam, well de- 
composed cow manure, bone dust and soot, and be 
careful to pot firmly. As they are shifted place them 
on a hard surface in the open, and when the roots have 
reached the outside of the ball, plunge the pots to 
about two-thirds of their depth in coal ashes. By 
plunging as here advised the labor of supplying them 
with water is reduced, and the risk of their sufferi 
from dryness at the roots is practically obviated. 
From the time the flower spike begins to rise until the 
flowers are expanding, supply alternately with liquid 
manure and clean water. 

Amore simple course of procedure is to plant the 
seedlings in a reserve bed, when they are transferred 
from the boxes into which they are put when pricked 
off, and leave them undisturbed until the spring fol- 
lowing. To insure success the bed must be well 
drained and thoroughly prepared, and the seedlings 
should be put eight or nine inches apart each way. 
Toward the end of March or early in April they can be 
lifted and potted up, and if this is carefully done they 
will not suffer to an appreciable extent. For lifted 
plants eight inch pots will be required, as when put in 
the size advised for those grown in pots from the first 
they frequently flag during the periods of bright sunny 
weather. Those intended for the flower garden should 
be grown ina reserve bed until the spring followin 
the sowing of the seed, when they should be transferr 
to their permanent quarters, care being taken to lift 
them with a good ball of soil. 

It may be added that the white variety is not so 
vigorous as the typical form, the flower spikes of well 
| grown specimens usually rising to agheight of four or 
five feet.—The Gardeners’ Magazine. 


FERTILIZER ANALYSIS. 


WE give the following, as instancing the methods 
adopted by the Massachusetts Agricultural Society. 
Preparation of Sample.—The entire available sample 
is spread upop a smooth, hard surface, and intimately 
| mixed without grinding, all lamps being broken up 
| with aspatula. Unnecessary loss or gain of moisture 

is to be avoided. Moistare: dry 2 grms.in the air 
| bath at 100° t@.110° C. to a constant weight. 

I. Total Phosphoric Acid.—Weigh out 2 grms. in a 
platinuw crucible, aud destroy the organic matter by 
carefully burningina muffle. Weigh when cool to de- 
termine the “organic and volatile matter.” Digest 
the crucible and contents with dilute hydrochloric acid 
until the solution of the latter is complete. The “ in- 
soluble matter” on the filter is burned and weighed. 
The residue left from the evaporation is taken up with 
dilute nitric acid, if the —— method is to be fol- 
lowed, but with hydrochloric acid if method 2 is pre- 
ferred. The solution after filtering is made up toa 
volume of 200 cubic centimeters with distilled water. 

1. The molybdie method : 25 cubic centimeters of the 
solution are digested in a water bath at 65° C. from one 


to two hours, with an excess of molybdie solution. The 
precipitate is brought upon a filter, and washed with 
water containing a little molybdic solution. It is then 
dissolved in ammonia water, the solution nearly neu- 
tralized with hydrochloric acid, and magnesia mixture 
added slowly, with constant stirring. The precipitate 
is allowed to stand at least three hours, when it is fil- 
tered through a Gooch crucible, washed with dilute 
ammonia, ignited and weighed. ‘ 

2. The following method is occasionally employed 
when phosphates of iron and alumina are present in 
small quantities only : To 50 cubic centimeters of the 
hydrochloric acid solution add ammonia in slight ex- — 
cess. After standing a few minutes, acidify with acetic 
acid, and filter off the phosphates of iron and alumina, 
washing carefully with water. To the filtrate add 
sufficient oxalate of ammonia to precipitate all the 
lime ; digest for several hours at a temperature below 
boiling, and filter through double filters which have 
previously been washed with oxalate of ammonia, 
washing thoroughly with water. Dissolve the phos- 
phates of iron and alumina on the filter with warm 
dilute hydrochloric acid, and wash into a beaker con- 
taining a small quantity of powdered tartaric acid. 
When the latter has gone into solution. mix with the 
filtrate fromthe oxalate of ammonia. The phosphoric 
acid is precipitated with magnesia mixture, and treated 
as in 1, 


Soluble Phosphoric Acid.—Weigh out 2 grms. intoa 
centimeters of water, 


beaker, cover with 10 to 15 cubic 
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and.ajlow it to stand for fifteep winntes, stirring three 
times at equal intervals. Decant the solation throu 

a filter into a graduated cylinder. Add another like 
quantity of water, and let it stand fifteen minutes more, 
stirring as before. Filter the solution into the cylin- 
der, and wash the residue on the filter until the filtrate 
amounts to 200 cubic centimeters. The phosphoric 
acid is determined in an aliquot part of the solution as 
under total phosphoric acid. 

Insoluble phosphoric acid : Add 100 cubic centimeters 
of neutral ammonium citrate (sp. gr. 1°09) to the beaker 
in whieh the digestion with water has been made. 
Pat in a water bath and heat to 65°C. Drop in the 
filter containing the residue from the above operation, 
and digest for thirty minutes, stirring every five min- 
utes, Filter and wash thoroughly, using the suction 
pump. Dryand burn. The ash is then treated as 
under total phosphoric acid. 

Reverted phosphoric acid : The sum of the soluble 
and insoluble subtracted froin the total gives the re- 
verted or citrate soluble phosphorie acid. 

Reagents: The reagents used in the estimation of 
phosphoric acid are prepared according to directions 

iven in the ** Proceedings of the Association of Official 
Tetonitucal Chemists,” 1889, pages 225 and 226. 

For ammonium citrate, 370 grms. of citric acid are 
dissolved in 1,500 cubic centimeters of water, nearly 
neutralized with crushed carbonate of ammonia, heated 
to expel carbonic acid, exactly neutralized with ammo- 
nia, and brought to a specific gravity of 1°09. 

The molybdie solution is prepared by dissolving 100 
grms. of molybdie acid in 417 cubic centimeters of 
ammonium hydrate of specific gravity 096. Pour this 
solution into 1,250 cubic centimeters of nitric acid of 
specific gravity 1°20, and set in a warm place for several 
days, or until a portion heated to 40° C. deposits no 
yellow precipitate. 

The magnesia wixture is prepared by dissolving 110 
grms. of crystallized magnesium chloride and 280 grins. 
of ammonia chloride in 700 cubic centimeters of ammo- 
nia of specific gravity 0°96, and bringing to a volume of 
two liters. 

2. Methods of Determining Nitrogen.—The Kjeldahl 

and soda-lime methods recommended by the Associa- 
tion of Official Agricultural Chemists, in their ** Pro- 
ceedings,” 1889, pages 218 to 221, are employed, with 
— control apalyses by the absolute cupric oxide 
mode. 
3. Method for Determining Potash.—Weigh out two 
grms. of the material in a platinum crucible, char 
thoroughly at a temperature just below red heat. 
Digest for several hours with very dilute hydrochloric 
acid on the water bath. Filter into a graduated cylin- 
der, and make up to 200 cubic centimeters. Take 50 
eubie centimeters for each test. Warm and add, in 
small quantities at a time, an excess of barium hydrate. 
Digest for one or two hours at a temperature of 70° 
to 90° C., filter, washing carefully, and add to the 
filtrate a few drops of ammonium hydrate, and 
enough ammonium carbonate to precipitate the excess 
of barium hydrate. Filter and bring the filtrate to 
dryness on the water bath ina platinum dish. Heat 
carefully in the covered platinum dish at a temperature 
just below red heat, until compounds of ammonia cease 
to vome off. Take up the residue in water, filtering if 
necessary, and add an excess of platinum tetrachloride. 
Evaporate to dryness on the water bath, add a small 
quantity of 80 per cent. aleohol and allow it to stand 
for a few hours. Filter through a Gooch crucible, 
washing with alcohol, dry and weigh, or filter through 
paper, wash as before, dry and brush the potassium 
platinie chloride upon a weighed watch glass with a 
camel's hair brash, and weigh. If very impure, the 
double salt is washed with the strong solution of am- 
monium chloride, saturated with potassium platinic 
chloride.—Massachusetts Agricultural Report. 


MANGANESE IN IRON AND STEEL. 
By L. BLUM. 


L. RurupP recently made known (Chemiker Zeitung) 
a method for the determination of manganese in iron 
and steel, said to be a modification of the Volhard pro- 
cess, calculated to economize time. 

Six grms. of the material are weighed out, placed in 
a liter flask, after being dissolved and oxidized, neu- 
tralized, mixed with sodium salphate, filled up to the 
mark, and filtered through two folded filters. Of the 
filtrate 500 c. c. are placed in a one-liter Erlenmeyer 
flask, mixed with zinc oxide, heated, and tritrated with 
permanganate. 

In an editorial remark in the Chemiker Zeitung, at- 
tention is called to the differences which arise from 
neglecting the voluwwe of the precipitate of basic ferric 
sulphate. The author now points out two other de- 
fects in the method calculated to affect the accuracy of 
the results. 

According to Volhard, the exact conversion of a man- 
ganous salt into a hydrated manganese peroxide by 
the action of permanganate ensues only if another 
strongly basic oxide is present in solution. For this 
purpose he found zine oxide the most suitable. Mei- 
necke farther showed that considerable quantities of 
zine sulphate—25 to 30 grms.—must be present in order 
to effect the intended purpose. As in Rurup’s modifi- 
cation its presence is excluded, the precipitate formed 
on titration will always contain manganous com- 
pounds, thus rendering the consumption of permanga- 
nate too small. 

A further defect, which tells in the same direction, 
lies in the presence of free zine oxide. On this point 
Meinecke has made careful investigations, and has as- 
certained that a deficient consumption of permanga- 
nate, and consequently reduced result, is in direct 
connection with the presence of undissolved zine oxide. 

These facts speak decisively against the adoption 
of Rurup’s modification, especially as in Volhard’s 
method, as used in metallurgical laboratories, a deter- 
wipation of manganese can be conveniently completed 
in three-quarters to one hour.—Zeit. Anal. Chemie; 
Chem. News. 


THE PURITY OF BENZENE. 
By OC. LigBeRMANN and A. SERGEWETZ. 


THE occurrence of carbon bisulphide in crude ben- 
zene is well known, The authors point out that most 
of the commercial pure benzene, boiling at 80-82°, con- 
tains thie substance, the presence of which can be 


readily detected by means of phenylhydrazine. On 
the addition of this reagent to a small quantity of 
the benzene, phenylhydrazine phenylsalpboearbazide, 


N.H.C.Hs 


aVettis, 


which melts at 97°, separates out after a short time. 

The presence of carbon bisulphidein so-called pure 
benzene may sometimes lead, in working with certain 
substances, to very annoying secondary reactions. The 
average percentage of CS, in such benzene was caleu- 
lated by the authors, from the weight of sulphocarba- 
zide formed, to be 0°2 to 0°3. 

The testing of benzene can easily be carried out, and 
quantitative results obtained, by treating 10 c. c. ben- 
zene with 4-5 drops of benzene, and shaking vigorously 
at intervals during an hour or an hour anda half. 
When 0°2 per cent. of CS, is present, the precipitate 
appears quite voluminous, and with 0°08 per cent. it is 
still quite easily perceptible; but the limit of the re- 
action appears to be reached at 0°02. per cent. (0°17 
germ. in a liter), and it is necessary to start the crystal- 
lization by adding a crystal of the sulphocarbazide. 
By submitting the benzene to a distillation, and test- 
ing the first portion of the distillate, the examination 
ean be pushed still further. This notice will perhaps 
be sufficient to cause greater care to be taken in sepa- 
rating the first runnings of the purer qualities of ben- 
zene. “Crystallized” benzene has been found by the 
authors to be always free from carbon bisulphide, 
with the exception of one sample. 

Phenylhydrazine is capable of extended application 
for the — of estimating carbon bisulphide in this 
mnanner. he authors, for example, succeeded in de- 
tecting this impurity ina sample of thiophene prepared 
by Volhard’s method, which was otherwise pure.— 
Chem. Zeit. 
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